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direct such requests to the National Technical Information
Service.
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ERDEC CONTRIBUTION TO THE 1993 INTERNATIONAL TREATY VERIFICATION
ROUND ROBIN EXERCISE IV

1. INTRODUCTION

In March 1993, the U.S. Airy Edgew-od Research,
Development and Engineering Center (ERDEC), Research and
Technology Directorate, participated in the 4th International
Inter-Laboratory Comparison (Round Robin) Test for the
Verification of Chemical Disarmament. The objective of the
exercise was to test the recommended operating procedures (ROP's)
for the analysis of scheduled compounds in soil and water
matrices as outlined in the Round Robin Bluebook F.3.' The
sixteen laboratories participating in the test were Australia,
Canada, China, the Czech Republic, Finland, France, Germany, the
Netherlands, Norway, Russia (two laboratories), Switzerland,
Sweden, the United Kingdom, and ERDEC and the Lawrence Livermore
National Laboratory (LLNL) from the United States. Lawrence
Livermore prepared the samples. Finland served as the
coordinating laboratory.

Eleven spiked samples and blanks resulting from three
different types of soil and one source of water were received 16
February 1993. The only information provided was that no actual
Schedule 1 compounds were added to the samples. Each laboratory
was asked to identify and quantitate all scheduled compounds and
related degradation products present, with a starting date of 1
March 1993. Participants were asked to follow the ROP's as
closely as possible to validate existing methods and were also
encouraged to apply additional methods to further improve
existing ROP's. Sample preparation was started 2 March 1993 and
analyses were completed 26 March 1993. Analytical methods used
to analyze the samples were GC/FID/FPD, GC/MS (EI and methane
CI) , NMR ('H, 13C and 31P), and HPLC/ion chromatography. A
description of the samples and the rationale behind the selection
of the spiking materials and the sample preparation methods as
provided by LLNL is given in Appendix A.

This report summarizes the sample preparation, the
analytical approach and methods used, chain of custody and QA/QC
procedures, quantitation methods, and results obtained by each
analytical method using both the recommended operating procedures
and alternative procedures.

I INTERNATIONAL INTERLABORATORY COMPARISON (ROUND-ROBIN) TEST FOR
THE VERIFICATION OF CHEMICAL DISARMAMENT F.3 Testing of
Procedures on Simulated Military Facility Samples, The Ministry
of Foreign Affairs of Finland (Marjatta Rautio, editor), Helsinki
1992.
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2. EXPERIMENTAL PROCEDURES

2.1 Receipt and Storage of Samples

Samples were received from LLNL on 16 February 1993 by
the QA/QC coordinator for Research and Technology Directorate.
Inspection upon receipt revealed thac the containers were in
excellent condition. Samples were suored at 4 'C in a locked
refrigerator, with access only by the QA/QC Coordinator, until 1
March when 20 g of each soil sample and 20 mL of each water
sample were transferred via DA Form 4137 to the sample custodian
for the Sample Analysis Team. Samples were stored in a secured
refrigerator at 6 "C in the sample analysis laboratory, with
access only by the sample custodian, except during sample
preparation and analysis. Additional samples were obtained from
the QA/QC Coordinator as required.

Overall, 11 samples resulting from three different
types of soil and one source of water were received and were
identified as follows:

SA-15 Spiked soil sample
SAB-15 Soil blank for SA-15
SB-15 Spiked soil sample
SBB-15 Soil blank for SB-15
SN-15 Spiked soil sample
SNB-15 Soil blank for SN-15
W-15 Spiked water sample
WB-15 Water blank for W-15
KEW-14 Water passing through C-18 cartridge
K-15 C-18 cartridge associated with KEW-15
KB-15 Blank C-18 cartridge

It was noted that the KEW sample was labelled KEW-14 ratner than
KEW-15, resulting from either a labelling or shipping error. The
error was reported to Lawrence Livermore on 2 March 1993. 50 g
of each soil sample and 50 mL cf each w'ter sample were provided.
Samples were reported to contain Schedule 1 degradation products
but no Schedule I material. The two water samples were
identified as coming from the same source but received different
treatment in order to evaluate the feasibility of using a C-18
solid phase extraction cartridge for extracting water in the
field. One water sample was preserved with 0.5 mL methylene
chloride per liter of water and shipped as is (W-15) . The second
water sample was passed through a C-18 cartridge, and both the
cartridge and water shipped with no preservative (K-15 and KEW-
14, respectively)

8



2.2 Chain of Custody Procedures

Round Robin sample transfers were documented using DA
Form 4.37 chain of custody procedures as described in the
enclosed IOP No. 001.00, "Chain of Custody, Labo-atory Sampie
Distribution, and Sample Documentation for Round Robin Test 44",
Appendix B.

2.3 Sample Preparation

Soil and water samples were prepared as outlined In t'ne
recommended operating procedures with a slightly modified
procedure for NMR analysis. The approach taken w'as to have toc
separate sample preparation schemes, one in deuterated solverts'
specifically for NMR analysis and one in non-deuterated sol-rent-
for all other methods of analysis. Measured extraction volumes
and extraction scheme flow charts are included in Appendix C.

2.3.1 Preparation of Soil Samples

Soil samples were prepared as outlined in section SP5
of the Round Robin Bluebook F.3. Samples were assumed to be
homogeneous. After warming to room temperature, a 10 gram sample
was sequentially extracted with 2 x 10 mL methylene chloride,
2 x 10 mL HPLC grade water and 2 x 10 mL 0.5M KOH/methanol. Each
extraction mixture was sonicated in ice for 10 minutes and
centrifuged for 10 minutes at 2000 rpm. The methylene chloride
fraction was filtered through a 0.45 ýim filter. dried with
anhydrous sodium sulface and concentrated by nitrogen blowdown to
2 mL (sample A*) . The water fraction was filtered through a
1.0 4m disposable filter. After transferral of 1 mL for direct
analysis by HPLC (sample B*), the water fractior was evaporated
to dryness by rotovap, dissolved in 2 mL methanol, sonicated for
5 minutes, and filtered through a 1.0 um filter (sample C*). The
KOHimethanol fraction was neutralized with 4M HCl, the methanol
evaporated by nitrogen blowdown, and ex' racted with 2 x 2 mL
hexane with shaking for 5 minutes. The hexane extract was
filtered through a C.45 gm filter, dried with anhydrous sodium
sulfate, and concentrated to 2 mL by dry nitrogen blowdown
(sample D*). 50 ýig of the internal standard dibenzothiophene
(DBT) was added to each fraction for quantitation. The
extraction scheme for soil using non-deuterated solvents is
summarized in Table C-3 and Scheme C-1.

A similar extraction scheme was used with deuterated
solvents for NMR analysis. A 10 gram soil sample was extracted
sequentially with 2 x 10 mL CDC1I, 2 x 10 mL D,O, and 2 x 10 mL
0,SM KOH/methanol. Extract- were sonicated in ice for 10 min (5
m~nutes for the DO extract) and centrifuged for 10 minutes at
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2000 rpm. The CDClI extract was dried with anhydrous sodium
sulfate, tfiltered thiough a 0.45 Am disposable filter and
concentrated to 1 mL by dry nitrogen blowdown (sample A> . The
D.O extract was filtered and concentrated to 1 mL by dry nitrogern
blowdown (sample B) . The KOH'methanol extract was dried with
anhydrous sodium sulfate, filtered through a 0.45 pLm disposable
filter, concentrated to dryness by dry nitrogen blowdown, and
taken up in 1.5 mL CDOD for NMR analysis (sample C) . The soil
extraction scheme for NMR analysis is summarized in Table C-4 and
Scheme C-2.

It should be noted that early extractions in all
organic solvents resulted in a high NMR background level. The
problem was traced to the disposable filters used during sample
preparation by analyzing pure CDCl, solvent that was passed
through the filter. Although the filters had teflon membranes,
apparently there was some reaction with or extraction of the
housing. Subsequent filtration of organic solvents was done
using a .009 cotton plug rather than the disposable filters.

2.3.2 Preparation of Aqueous Samples

Aqueous samples for chromatographic analyses werp
prepared as outlined in section SP7 of the Round Robin Bluebook
F.3. After transferring 1 mL for HPLC analysis (sample A*), a 9
mL water sample was sequentially extracted with 2 x 2.5 mL CHC1.
at neutral pH (as received, pH 8), acidic pH (adjusced tu pH<2
with dilute HCl), and basic pH (adjusted to pH>10 with dilule
KOH) . Each extract was dried with anhydrous sodium sulfate,
adjusted to a volu:me of 2 mL, and 50 4g internal standard
(dibenzothiophene) added. The remaining aqueous layer was
evaporated to dryness, reconstituted ir 2 mL methanol, dried, and
52 g.g internal standard added. The samples were designated B*
(neutral- extract), C* (acidic extract), D* (basic extract) and E*
residue). Extraction procedures are summarized in Table C-5 and

Schem3 C-3.

Aqueous samples for NMR analysis were preparpd using a
slightly modified procedure. Instead of crganic ext-action at
neutral, acidic, and basic pH, only one extraction was done at
neutral pH{, to extract any volatile organic compounds that mav; be
present. After transferring 1 mL to an NMR tube for direct
analysis (sample A), a 9 mL sample of water was extracted with 2
x 0.75 mr CDC1.. The extract was dried with anhydrous sodium
sulfate and analyzed (sample B) . The remaining water fraction
was concentrated to dryness with ary nitrogen blowdown and the
residue dissolved in 1 mL DO (sample C) . This extraction
procedure is summarizeu in ','able C-6 and Scheme C-4.
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2.3.3 Preparation of C-18 Cartridge Samples

The C-18 cartridges were eluted with acetonitrile into
a 7.5 mL tared teflon-stoppered vial until 5 mL wc collected
gravimetrically. 1 mL aliquots were used for subsequent
derivatization and analysis. C-18 cartrige extraction procedures
are summarized in Table C-7 and Scheme C-5.

2.3.4 Derivatization

To obtain optimum results, samples were derivatized
using both bis(trimethylsilyl)trifluoroacetamide (BSTFA) foi
trimethylsilylation and diazomethane for methylation. Sample
volumes were adjusted to 2 mL, 50 Ag of dibenzot`ýiophene added as
an internal standard, and the sample divided into 1 mL aliquots
for subsequent derivatization.

Trimethylsilylation was accomplished by evaporation of
the sample to dryness by either dry nitrogen blowdown or rotary
evaporator and adding 0.25 mL dry THF and 0.25 mL BSTFA. The
solution was heated for 20 minutes at 60 "C.

Methylation was accomplished using Diazald (N-methyl-
N-nitroso-p-toluenesulfonamide) as the diazomethane generator in
ether. The diazomethane solution was added to the sample at room
temperature and the excess diazomethane blown off with dry
nitrogen after 20 minutes.

2.4 Materials

Non-deuterated methylene chloride, methanol and hexane
used in this study were obtained from Sigma-Aldrich Chemical
Company (St. Louis, MO and Milwaukee, WI) as HPLC-grade solvents.
Tetrahydrofuran (THF) was obtained as Eastman White Label from
Eastman Chemical Company (Rochester, NY) and dried over molecular
sieves. Ethyl ether was obtained as Reagent ACS grade (Fisher
Scientific Company, Pittsburgh, PA) . Deuterated chloroform,
CDC1. (99.8 atom % D) and deuterated water, DO (99.9 atom % D)
were obtained from MSD Isotopes (Montreal, CA) . Deuterated
methanol, CDOD (99.8 atom % D), was obtained from Isotec, Inc
(Miamisburg, OH). BSTFA was obtained from SUPELCO, Inc
(Bellefonte, PA) in sealed ampoules and Diazald was obtained from
Aldrich Chemical Company (Milwaukee, WI)

Authentic reference standards for all four identified
Schedule 2 compounds were available in our laboratory for
unambiguous identification. Methylphosphonic acid (MPA) was
obtained from FMC Corporation (Baltimore, MD) . 2-Diisopropyl-
aminoethanol (DIAE) was synthesized and distilled in house.
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3-Quinuclidinol (3-Q) was obtained from Fluka Chemical
Corporation (Ronkonkoma, NY) . Benzilic acid (BA) was obtained
from Chem Service (Media, PA).

2.5 Instrument?.t 4 _on

2.5.1 Nuclear Magnetic Resonance Spoectrosccpy (NMR)

'H, 13C and 3"P NMR spectra were obtained using a Varian
VXR-400S superconducting Fourier transform (FT) NMR spectrometer
system (Varian Associates, Palo Alto, CA). Specific conditions
and parameters of analysis are described in the NMR Appendix D.

2.5.2 Gas Chromatography/Mass Spectrometry (GC/MS)

Three GC/MS systems were used in this study. Electron
ionization (EI) spectra were obtained using a Hewlett-Packard
5890 gas chromatograph interfaced with an HP-MSD 5970A mass
selective detector (Hewlett-Packard Company, San Fernandc, CA).
Methane chemical ionization (CI) spectra were obtained using a
Finnigan 5100 GC/MS (Finnigan Corporation, San Jose, CA). Both
EI and CI spectra were obtained using a Perkin-Elmer 8500 gas
chromatograph (Perkin-Elmer Corporation, Norwalk, CT) interfaced
with a Finnigan ITD 40 ion trap detector. Specific GC and MS
parameters and conditions are listed in Appendix E (MS) and
Appendix F (GC).

2.5.3 Gas Chromatography (GC)

Gas chromatography was used to screen for phosphorus
and sulfur containing compounds. GCs used in this study include
a Hewlett-Packard 5880 (FID), a Varian 6000 (FPD, P-mode) and a
Perkin-Elmer 8500 (FPD, S-mode). Specific GC parameters and
conditions used in this study are listed in Appendix F.

2.5.4 Ion Chromatography (IC)

Ion chromatography was used to confirm the presence of
methylphosphonic acid and benzilic acid and as a screening
technique for ethyl methylphosphonic acid, isopropyl methylphos-
phonic acid, pinacolyl methylphosphonic acid, thiodiglycol, thio-
diglycol sulfoxide, and thiodiglycol sulfone. Analyses were
performed using a Dionex Model DX-300 Ion Chromatograph (Dionex
Corporation, Sunnyvale, CA) equipped serially with both a
variable waveleihgth UV detector and a Dionex model PAD-I pulsed
amperometric detector operating with a platinum working
electrode. Specific parameters and conditions used are

12



delineated in Appendix G.

2.6 Analytical Approach

Although NMR is normally used as a confirmation
technique, in this exercise we reversed roles and used NMR as a
screening technique. Sample preparation for NMR was done first
to allow time for overnight experiments. This approach worked
extremely well. Not only was NMR able to unambiguously identify
four Schedule 2 compounds (methylphiosphonic acid, 2-diisopropyl-
aminoethanol, 3-quinuclidinol and benzilic acid) by comparison to
authentic standards, but we were able to obtain an estimation of
the concentration levels of the spiked compounds as well. This
information served as an aid in the selection of a suitable
internal standard for GC/MS quantitation which did not interfere
with the analytes and in the selection of the concentration of
the internal standard. The addition of 5u gg ot internal
standard to each extract was chosen to match the anticipated
concentrations of the analytes based on the NMR data. The
initial identification of the compounds also led to the decision
to use both diazomethane and BSTFA derivatization to identify the
analytes.

Initial confirmation of the NMR assignments was
obtained by placing 1 AL of the water sample W-15 on a direct
exposure probe (DEP) and analyzing by GC/MS/methane CI.
Prominent ions observed at m/z 183 (benzilic acid), 128 (3-
quinuclidinol), 146 and 130 (2-diisopropylaminoethanol), and 97
(methylphosphonic acid) provided additional evidence that the
assignments were correct.

2.7 QA/OC Procedures

A detailed description of the QA/QC procedures is
outlined in the attached document "Laboratory Quality Control
Plan for International Treaty Verification Round Robin
Exercises", Appendix H. The use of blanks to eliminate false
positives, procedures for instrument calibration, the use of test
mixes to monitor instrument performance and other procedures to
assure quality control are described for each method of analysis.

Separate extractions using non-deuterated and
deuterated solvents, in effect, result in the preparation of two
parallel samples, one of the recomruended procedures for QA/QC in
sample preparation. The NMR samples were prepared first and
stored refrigerated in the NMR laboratory separate from the other
samples to prevent cross-contamination between the two sets of
samples. Having two independent sets of samples provides a check
if a particular sample in one set is suspected of contamination.

13



2.8 Quantitation Methods

GC and GC/MS quantitation were obtained using
dibenzothiophene (DBT), one of the instrument performance
standards, as an internal standard. DBT was chosen because it
gives a very intense molecular ion in both EI (m/z 184) and CI
(m/z 185), which makes it an excellent candidate for selected ion
monitoring (SIM) . A standard mix containing the four compounds
identified by NMR and DEP/MS was prepared, derivatized and
analyzed prior to addition of the internal standard to verify
that DBT did not coelute with the analytes of interest. The
internal standard was added after sample preparation and before
analysis. Each extract was concentrated to 2 mL (or
reconstituted to 2 mL in the case of dried extracts) and 50 Ag of
DBT added. Samples requiring derivatization were then divided in
two, 1 mL derivatized with BSTFA and 1 mL derivatized with
diazomethane. Relative response factors were obtained by adding
50 pg of DBT to a cocktail containing 50 Ag each of
methylphosphunic acid, 2-diisopropylaminoethanol, 3-quinucidinol,
and benzilic acid in methanol and derivatizing with both BSTFA
and diazomethane.

SIM quantitation was obtained using methane CI (method
GC3/MS3) . Two ions were used for each compound when possible.
The scan time for each ion was 0.07 seconds. Total scan time was
0.7 seconds. Ions (m/z) scanned for methylated samples were 125
(methylphosphonic acid); 146, 130 (2-diisopropylaminoethanol);
185 (DBT) ; and 225, 227 (benzilic acid). Ions (m/z) scanned for
BSTFA derivatized samples were 241, 225 (methylphosphonic acid);
218, 202 (2-diisopropylaminoethanol) ; 200, 110 (3-quinuclidinol);
185 (DBT) ; and 283, 91 (benzilic acid).

Both derivatization methods were required to obtain
optimum results. 3-Quinuclidinol was best quantitated as the
BSTFA derivative. Methylphosphonic acid and benzilic acid were
most reliably quantitated using the methyl derivative. Although
2-diisopropylaminoethanol readily derivatized using BSTFA, the
most consistent results were obtained by analysis of the
underivatized compound in the methylated extracts.

Quantitation was also obtained on selected samples
using the same internal standard by GC/FID and full scan GC/MS!EI
and CI.

NMR quantitation was obtained by uomparison of absolute
intensity integrals of the 'H spectra obtained for the water
samples against those obtained under identical conditions for an
external reference solution containing each of the four
identified compounds in DO (500 4g/mL each of methylphosphonic
acid, 2-diisopropylaminoethanol and benzilic acid, and 750 P7ijmL
of 3-quinuclidinol) . Soil sample analytes were not quantitated

14



by NMR.

Ion chromatography quantitation of benzilic acid and
methylphosphonic acid was obtained using the authentic compounds
as external standards. Peak areas were compared to those on a
linear regression standard curve obtained by serial dilution of a
reference standard as described in the HPLC/IC methods section of
the QA/QC plan, Appendix H.

Quantitation results are summarized in Appendix I. The
highest value obtained by each analytical technique is listed.
Unless noted by a footnote, results were obtained using the
recommended operating procedures.

3. RESULTS AND DISCUSSION

3.1 Results Using Recommended Operating Procedures

Four Schedule 2 compounds, methylphosphonic acid (MPA),
2-diisopropylaminoethanol (DIAE), 3-quinuclidinol (3-Q) and
benzilic acid (BA) were detected in the samples using the
recommended operating procedures. Techniques used to identify
each compound are summarized in Table i.

Table 1. Techniques Used To Identify Compounds in Round Robin 4

Technique

Compound GC GC/MS GC/MS NMR HPLC
FID/FPD EI CH4 CI (IC)

Methylphosphonic Acid x x x x

2-Diisopropylaminoethanol x x x x x

3-Quinuclidinol x x x x

Benzilic Acid x x x x x

The structures, formulas and CAS numbers of the four
identified compounds are listed in Table 2. A summary of !he
analytical methods used to identify each compound in each sample
is given in Table 3 and Appendix J. Spectroscopic comparison
(NMR, full scan GC/MS) to authentic standards is required for
unambiguous identification. Chromatographic results (GC, LC and
GC/MS/SIM) are reported as tentative unless confirmed by NMR or
full scan GC/MS. A summary of the application of each method of
analysis follows.
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Table 3. Schcduled Compounds Identified In Each Round Robin 4 Sample

Technique
Sample Detected
Code Compourd GC/FID Full Scan GC/MS GCiMSji HPLC N.

II E1 C1 Sim (I,-)

MPA x x x x

W-15 DIAE x x x x x

3-Q x x x x x

BA x x x x x x

MPA x x x x

KEW-14 DIAE x x x x x

3-Q x x x x x

BA x x x x x x

MPA

K-15 DIAE x x

3-Q x

BA x x x

MPA x x x

SA-15 DIAE x x

3-Q x

BA x x x

MPA x x x

SB-15 DIAE x x

3-Q x x x x

BA x x x x x x

MPA x x x x x

'N-!5 DIAE x x x

3-Q x x x

BA x x x x x x
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3.1.1 Nuclear Magnetic Resonance (NMR) Spectroscopy

NMR was the most universal and definitive method of
detection employed for the observation of the compounds at the
concentration levels used in this round robin, particularly for
the water samples. The method is non-destructive and the
extracts or concentrated water samples can be analyzed directly
with the analytes in the original state rather than being
converted to a derivative amenable to GC analysis. The typical
GC problems, sample degradation by heat, memory effects (syringe,
injection port, and column), and overall column performance are
not an issue for NMR analysis.

All four compounds were detected and confirmed
unambiguously by comparison to authentic standards in water
samples W-15 and KEW-14 and in the soil sample SB-15. The
presence of methylphosphonic acid and benzilic acid were
confirmed in sample SN-15 and the presence of methylphosphonic
acid was confirmed in sample SA-15. Evidence for the other
compounds was observed in SN-15 and SA-15. However, because of
background interference from these soils, the spectra were not of
sufficient quality for this laboratory to report unambiguous
identification.

NMR quantitative results obtained for the two water
samples W-15 and KEW-14 are summarized in Table 4. Comparison to
the original spiking levels of 500 Ag for MPA, DIAE and BA and
1000 Ag for 3-Q shows that NMR is an excellent technique for
quantitation of these compounds in water samples. Comparison of
the values for W-15 and KEW-14 provides a measure of how much of
each analyte was retained on the C-18 extraction cartridge.

Table 4. NMP. Results for W-15 and KEW-14 (gg/50g sample)

Compound W-15 7 KEW-14

Methylphosphonic Acid 450 450

2-Diisopropylaminoethanol 400 50

3-Quinuclidinol 900 650

Benzilic Acid 400 350

A compendium of NMR methods, results and spectra are
included in Appendix D.
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3.1.2 Gas Chromatography (GC)

Gas chromatography using FID and FPD detectors was used
in this round robin. Samples were analyzed by FPD in both the
phosphorus and sulfur mode. No sulfur-containing scheduled
compounds were detected. FPD played a lesser role in this round
robin than previously because only one phosphorus-containing
compound was detected, methylphosphonic acid. GC methods and
selected chromatograms are provided in Appendix F. FID
quantitation results for sample extracts obtained using the
recommended operating procedures are listed in Table 5 and are
included in Appendix J.

Table 5. GC/FID Results Obtained Using ROP

Results in Ag/50g Sample

Water MPA' DIAE2  3-Q2 BA'

W-15 Neutral Extract B* 89

Acidic Extract C* 370

Basic Extract D* 126

Residue E* 51 226

Total 266 226 370

KEWI4 Neutral Extract B*

Acidic Extract C* 276

Basic Extract D* 60

Residue E* 83 431

Total 83 60 431 276

Soil

SA-15 Water Extract C*

SB-15 Water Extract C* 220

SN-15 Water Extract C* 200

C-18 Cartridge

K-15 177
Quantitated as Methyl Derivative

SQuantitated as Free Alcohol in Methylated Extract

19



3.1.3 Gas Chromatography/Mass Spectrometry (GC/MS)

Low resolution mass spectrometry (LRMS) using EI and CI
(methane) was used in this exercise. For the purpose of
evaluating the ROP, quantitation results obtained for each
fraction with adherence to the ROP are provided in Tables 6 and 7
for two different methods of analysis (GC/MS/methane CI SIM and
GC/MS/EI ion trap full scan).

Table 6. GC/MS/CI SIM Results Obtained Using ROP

Results in Ag/50g Sample

Water MPA' DIAE2  3-Q' BA'

W-15 Neutral Extract B* 107 7

Acidic Extract C* 161

Basic Extract D* 37 3

Residue E* 8 180

Total 152 180 171

KEW14 Neutral Extract B* 16

Acidic Extract C* 132

Basic Extract D* 41

Residue E* 1 130

Total 58 130 132

Soil

SA-15 Water Extract C*

SB-15 Water Extract C* 21 442 248

SN-15 Water Extract C* 65 32 443 216

C-18 Cartridge

Quantitated as Methyl Derivative
- Quantitated as Free Alcohol in Methylated Extract
SQuantitated as TMS Derivative
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Table 7. GC/MS ITD Results Obtained Using ROP

Results in pig/50g Sample

Water MPA' DIAE2  3-QS BA'

W-15 Neutral Extract B* 144

Acidic Extract C* 549

Basic Extract D* 164

Residue E*

Total 308 549

KEW14 Neutral Extract B* 15

Acidic Extract C* 177

Basic Extract D* 164

Residue E*

Total 179 177

Soil

SA-15 Water Extract C*

SB-15 Water Extract C* 236

SN-15 Water Extract C* 283 317 155

C-18 Cartridge

K-15 6 41

I Quantitated as Methyl Derivative
Quantitated as Free Alcohol in Methylated Extract
Not Quantitated

The results obtained for the organic extract (A*) and
the hexane extracts of the methanol/KOH extracts (D*) for the
soils are not listed in the tables because no compounds were
detected in any of these extracts by any of the GC/MS methods of
analysis. In addition to analyzing these extracts underivatized
as recommended in the ROP, extracts A* and D* were derivatized
with BSTFA. No scheduled compounds were observed.

Results in Tables 5, 6 and 7 show that the 4
identified compounds were effectively partitioned among the
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fractions for the water samples. 2-Diisopropylaminoethanol was
detected primarily in the organic extracts of the neutral (B*)
and basic (D*) water. Benzilic acid was detected primarily in
the organic extract of the acidic water (C*) . 3-Quinuclidinoi
was observed exclusively in the remaining residue (E*).

Two problem areas were identified. First, the acidic
soil SA-15 was not effectively extracted. No scheduled compounds
were detected in any of the SA-15 fractions by GC/MS. Second,
methylphosphonic acid, which was previously identified by NMR and
IC, was observed in abundance only in sample SN-15. This
observation was confirmed using both BSTFA and diazomethane
derivatization.

GC/MS operating conditions, chromatograms and mass
spectra are included in Appendixes E and F. Quantitation results
are included in Appendix J. As shown in Appendix E, EI spectra
obtained using the ion trap show similar fragmentation to those
obtained using the MSD. However, in some cases, most notably the
methyl derivative of MPA and the underivatized DIAE, chemical
ionization occurs resulting in protonation of the molecular ion.

3.1.4 Ion Chromatography (IC)

Ion chromatography is a useful method for the detection
of ionic species. In this exercise, IC was used for the
detection of benzilic acid and methylphosphonic acid in the water
samples and in the water extracts of the soil samples. Both were
identified and quantitated in all spiked samples. Quantitation
results are shown in Table 8. Methods and chromatograms for
spiked samples and blanks are included in Appendix G. HPLCiIC
was also used to screen for ethyl methylphosphonic acid,
isopropyl methylphosphonic acid, pinacolyl methylphosphonic acid,
thiodiglycol, thiodiglycol sulfoxide and thiodiglycol sulfone.
None of these compounds were detected.

Table 8. Summary of Ion Chromatography Results

Sample Code Methylphosphonic Benzilic Acid
Acid (Ag/sample) (Ag/sample)

W-15 500 250

KEW-14 500 150

SA-15 400 100

SB-15 300 200

SN-15 200 200
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3.2 Additional Studies

3.2.1 Other Methods of Analysis

To screen for the possible presence of arsenic-
containing scheduled compounds, both soil and water samples wer-e
analyzed for arsenic using a Perkin-Elmer Atomic Absorption
Soectrophotometer (Perkin-Elmer Corporation, Norwalk, CT)
equipped with a Zeeman graphite furnace module with nickLýl
nitrate as a moaitier., No arsenic was detected in the water
sample W-15. Trace levels were observed in the spiked soil SB-15
(1.55 ag/g) and in the soil blank SBB-15 (1.25 Ag/g) . This
difference was too small to report any detectable difference
between the sample and b'ank.

The blank water sample and an in-house distilled water
sample were screened for over 40 metals using a Perkin-Elmer
Plasma i Inductively Coupled Plasma (ICP) Emission Spectropho-
tometer (Perkin-Elmer Corporation, Norwalk, CT) . The purpose of
this analysis was to see if any specific metal cations present in
the water sample might be hindering the derivatization of methyl-
phosphonic acid. Detectable metals observed in water blank WB-15
relative to the distilled water sample are listed in Table 9. Of
significant interest is the detection of the calcium ion which is
present in the water samples at a higher concentration than MPA.
It is likely that the formation of the calcium salt hinders
derivatization. Removal of calcium ions by passing aqueous
samples through a cation exchange resin may solve this problem.

Table 9. Detectable Metals Observed by ICP in Water Blank WB-lc

Metal Detected Concentration (4g/mL)

S 18

Fe 6

Si 30

Ca 28

Ti 0.2

Al 7

Ba 0.07

Na 47

Sr 0.5
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3.2.2 Extraction of Soil Sample SA-15

SA-15 was the most acidic of the soils. Reasoning thbat
this may be the cause for the poor extraction efficiency into
water, we employed a two-fold approach, 1) pH adjustment of the
extraction mix, and 2) a longer extraction time. 7 mL of water
and 1 mL methanol were added to 1.5 g of soil. After shaking for
10 minutes the pH was adjusted from 5 to 7 using dilute KOH and
the mixture sonicated for 40 minutes. The pH was again
readjusted from 5 to 7 and the mixture sonicated for an
additional 10 minutes. After allowing the sample to sit
overnight, the mixture was filtered, rotovapped to dryness and
derivatized with BSTFA in THF. As shown in the summary of
quantitative results in appendix I, all 4 identified compounds
were observed, but at much lower levels than in the other soil
samples. Further investigation is required to effectively
extract this type of soil.

3.2.3 Blowdown and BSTFA Derivatization of Water Samples

The most logical approach to the analysis of the water
samples is simply to evaporate the water to dryness and
derivatize, eliminating the extraction scheme. This approach can
be used in this exercise because the most volatile compound
observed was 2-diisopropylaminoethanol (bp 190 "C) . A 1 mL
sample of W-15 was evaporated to dryness and derivatized with
BSTFA in THF. The procedure worked well for three of the
compounds, benzilic acid, 3-quinuclidinol, and 2-diisopropyl-
aminoethanol. All three were detected in near quantitative
yields. No methylphosphonic acid was observed. This was
particularly noteworthy, because a standard s-olution prepared by
dissolving the 4 analytes in water followed by blowdown and BSTFA
derivatization produced excellent derivatization of all four
compounds, including methylphosphonic acid.

1.2.4 Methylphosphonic Acid Derivatization

The most puzzling aspect of this exercise was the
difficulty experienced in the detection of MPA by GC/MS. The
derivatization method worked nicely for the reference standard
and the soil sample SN-15, using both diazomethane (Diazald as
the presursor) and BSTFA/THF. Since the water extracts of the
soil were not pH adjusted, and MPA was observed in the neutral
soil SN-15, but not the basic soil SB-15, it was zationalized
that perhaps MPA was not being derivatized because it was tied up
in the salt kbasic) form. Further evidence that the samples were
basic was provided by the observation that addition of the
diazomethane resulted in the persistence of the yellow color,
suggest ing no excess acid was present lo test this theory, both
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methylated and BSTFA derivatized samples were treated with acidic
methanol in an attempt to improve derivatized MPA yield.
Methylated samples were blown down almost to dryness and
dissolved in 1 mL of acidic methanol and rederivatized with
diazomethane. The most notable improvement was with the neutral
soil SN-15. The quantity of MPA detected by GC/MS/CI SIM was
increased from 65 to 239 Ag/sample. The quantity detect-d in-
SB-15 increased from 0 to 10 pg/sample. No MPA was detected in
the water samples. The continued persistence of diazomethane
color suggests that perhaps the acidic methanol was not
sufficient to neutralize the salts. No further diazomethane
derivatization was performed.

The 1 mL BSTFA-derivatized samples were also treated
with acidic methanol by evaporating the derivatized sample to
dryness, dissolving in 1 mL of acidic methanol, evaporating to
dryness again and rederivatizing with BSTFA/THF at 60 TC for an
additional 20 minutes. The first treatment of sample W-15
resulted in the detection of a trace amount of MPA. A second
similar treatment resulted in the detection of 174 Ag/sample. A
comparison of the chromatograms obtained before and after
acidification is shown in Figure 1. A single treatment of
sample KEW-14 was also done and resulted in the detection of 10
4g/sample. A second treatment was not performed.

Although additional studies are required to confirm
these results, it appears that control of sample acidity or
removal of the interfering cations, particularly calcium as noted
above, with a cation exchange resin may be crucial for effective
derivatization of methylphosphonic acid in soil and water
matrices.

3.3 Evaluation of C-18 Extraction Cartridge

The most indicative results that evaluate the retention
efficiency of the C-18 cartridge for each compound are the NMR
data in Table 4. The results indicate 87% of the 2-diisopropyl-
aminoethanol, 28% of the 3-quinuclidinol, 12% of the benzilic
acid and none of the methylphosphonic acid were retained on the
cartridge. The GC/MS data qualititatively agrees with this
assessment with 62%, 28% and 23% retention being observed,
respectively, for the first three compounds, based on SIM values
for W-15 and KEW-14 us.n9 the ROP data (Table 6). All compounds
except methylphosphonic acid were observed by GC/MS!CI/SIM in the
sample K-15. However, the sum of the levels detected in K-15 and
KEW-14 were lower than the levels observed in W-15. This may be
traced to the selection of acetonitrile as the extraction
solvent. Perhaps acetone or some other solvent would be more
suitable. For the four compounds detected in this study,
shipping the unextracted water was clearly preferrable to using
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the C-18 cartridge, resulting in higher quantities detected. No
degradation of the analytes was observed in the water samples.
Use of a C-18 cartridge may be more applicable for preservation
when actual agents are involved which may degrade in water during
shipping and storage. It should be noted that the validity of
the results from this laboratory may be questionable because the
cartridge (K-15) we received did not correspond to the water
sample received (KEW-14)

4. CONCLUSIONS

Four Schedule 2 compounds (methylphosphonic acid, 2-
diisopropylaminoethanol, 3-quinuclidinol and benzilic acid) were
correctly identified and quantitated in the Round Robin 4 soil
and water samples. The compounds were identified unambiguously
by comparison to authentic reference standards by NMR, GC/FID/
FPD, GC/MS (EI and CI) and ion chromatography.

NMR and ion chromatography were the preferred methods
of analysis of the acids and amino-alcohols encountered in this
exercise. Direct analysis of water samples using these
techniques produced outstanding quantitation results. Sample
extraction and derivatization required for gas chromatographic
analysis resulted in lower quantitation levels and greater
variability.

All four compounds were detected in the aqueous extract
of the soil samples. The analytes were effectively partitioned
among the extracts of the aqueous samples. DIAE was detected
primarily in the neutral and basic extracts, BA primarily in the
acidic extract, and 3-Q exclusively in the residue remaining
after extraction.

The acidic humus-type soil SA-15 proved difficult to
extract. Low yields indicate the analytes are tightly bound to
the soil and not efficiently extracted using the procedures
applied here. Further work is required with this type of soil to
increase the extraction efficiency.

Two methods of derivatization (trimethylsilylation with
BSTFA and methylation with diazomethane) were used to obtain
optimum results. MPA and BA were best quantitated as the methyl
derivative, 3-Q as the TMS delivative, and DIAE as the underiva-
tized alcohol.

Problems were encountered with all samples except soil
sample SN-15 with respect to both BSTFA and diazomethane deriva-
tization of MPA using the ROP. Acidification of selected samples
resulted in improved yields. ICP analysis identified calcium as
the most likely ion causing salt formation and inhibition of
derivatization. Acidification or the use of cation exchange
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resins to remove interfering ions is required for effective MPA
derivatization.

For the four compounds detected in this study, shipping
the unextracted water was preferrable to using a C-18 solid phase
extraction cartridge. No degradation of the analytes in the
water was observed. Results indicate 87% of the DIAE, 28% of the
3-Q, 12% of the BA and none of the MPA was retained on the
cartridge. The effectiveness of the C-18 cartridge was further
reduced because elution yields of the analytes from the cartridge
were low with acetonitrile.

The problems encountered with MPA derivatization and
the ease with which the direct methods NMR and HPLC were able to
readily detect MPA emphasizes the importance of using complemen-
tary techniques for the analysis of treaty verification samp~ez.

28



APPENDIX A

CORRESPONDENCE PROVIDED ON ROUND ROBIN 4 SAMPLE PREPARATION

PREPARATION OF SAMPLES FOR ROUND ROBIN 4

RAYMOND MCGUIRE
RODNEY EAGLE
JEFFREY HAAS

RICHARD WHIPPLE

LAWRENCE LIVERMORE NATIONAL LABORATORY

The samples for Round Robin 4 were produced with the idea
of promoting the comparison of techniques for preparing
environmental samples (soil and water) for instrumental analysis.
In other words, a comparison of the various extraction techniques
used in the participating laboratories. Thus each of the samples
contained the same four spiking compounds: methylphosphonic acid
(MPA), diisopropylaminoethanol (DIAE), 3-quinuclidinol (3Q), and
benzilic acid (BA).

These materials were chosen as being likely products of
decomposition of VX and BZ. They also are moderately water
soluble and, because of their polarity, will adhere to soils.

Three types of soils were chosen: a relatively neutral
sandy loam with a high silica content, a slightly basic desert
alkali soil with a high carbonate content, and a slightly acidic
forest humus with a moderately high organic content. A water
solution of the spiking materials was mixed into the soil as
homogeneously as possible to give a concentration of 0.01 mg/gram
of soil (10 ppm), with the exception of the 3Q where a
concentration of 0.04 mg/gram of soil (40 ppm) was used.

The water samples were made from relatively clean water
from an aqueduct which was filtered through a one micron
nucleopore filter prior to spiking. The water was slightly basic
at a pH of 8.2. The concentrations of the spiking materials in
the water were the same (0.01 mg/ml or 10 ppm) as on the soil,
again with the exception of the 3Q which had a concentration of
0.02 mg/ml or 20 ppm in the water. Water samples were divided
into two 50 ml aliquots. One of these was passed through the
C-18 cartridge (both the cartridge and the efluent water were
sent). Methylene chloride was added to the other water aliquot
at a ratio of 0.5 ml of CHCl, per liter of water.

All of the samples were packaged in cleaned glass bottles
for shipment.
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APPENDIX B

CHAIN OF CUSTODY PLAN IOP No. 001.00
IMar 93
Revision No 0.0

Internal Operating Procedure

CHAIN OF CUSTODY, LABORATORY SAMPLE DISTRIBUTION,
AND SAMPLE DOCUMENTATION FOR ROUND ROBIN TEST #4

1.0 SCOPE AND PURPOSE-

1.1 The U.S. Army Edgewood Research, Development and Engineering Center
(ERDEC) is participating in Round Robin Test #4 for the verification of chemical
disarmament.

1.2 This Internal Operating Procedure (lOP) covers the chain-of-custody
requirements needed to ensure safe handling and proper documentation for the
Round Robin Test #4.

2.0 REFERENCES:

2.1 International Inter-laboratory Laboratory Comparison (Round Robin) Test
for the Verification of Chemical Disarmament. Helsinki 1992. ISBN 951-6272-X.

2.2 Laboratory Quality Control Plan for Chemical Agent Standard Analytical
Reference Material. R&TD, USAERDEC, 15 Nov 1992.

2.3 Laboratory Quality Control Plan for International Treaty Verification
Round Robin Exercises, R&TD, draft Feb 92..

2.4 EAI Corporation Standing Operating Procedure No. EA-1. ERDEC Laboratory
Ropoms 172, 176, 178, and 181 of Building E-3330, Research Directorate.

3.0 SAFETY AND SURETY: Safety and surety as stipulated in CRDEC GOP# 8-0-90-0000
('General Operating Procedures for Surety Work") and CRDEC SOP #8-0-90-0007
(*General Provisions for Exempt Chemical Surety Material (XCSM)"), CRDEC SOP #8-0-
90-0011 (*Analysis of Samples from Building Demolition, Ton Containers, and
Questionable Origin, Plus Routine Analytical Samples*) will be adhered to when using
this lop.

4.0 SUMMARY OF PROCEDURE: Samples for the Round Robin Test #4 are non-
hazardous. The samples are of three different types of soil plus a water sample and C-
18 cartridge.

Each sample will have a chain-of-custody record to ensure the authenticity of
the evidence collected. Each sample will be distributed within the laboratory in
accordance with section 7.6 of this lOP. All documents associated with the sample will
be kept on file or at appropriate storage by the Analytical Methodology Team for at
least seven years.

5.0 MATERLAML AND EQUIPMENT: N/A

6.0 CALIBRATION (STANDARDS PREPARATION): N/A
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7.0 PROCEDURE:

7.1 INTRODUCTION. The Analytical Methodology Team will be responsible for
receiving the samples into the laboratory, performing analysis on, the samples, and
maintaining records associated with each sample.

7.1.1 For the Chain-of-Custody process, the DA Form 4137 will be used to create
an audit trail for each sample (see attachment 1). The DA Form 4137 lists all trasfers
in the possession of the samples. This piece of documentary evidence attests that the
sample was constantly under custody during laboratory analysis. A sample is under
custody if: (I) it is under possession, or (2) it Is in a person's view, after being in
possession or (3) it is under possession and locked up, or (4) it is in a designated
secure area.

7.1.2 All documents associated with the sample (e.g. DA Form 4137, laboratory
notebooks, sampl,; iog-in sheets, sample control records, correspondence, QC charts,
photos. etc.) will be maintained on file by the Analytical Methodology Team for at
least seven years.

7.2 CHAIN-OF-CUSTODY FORM. The Chain-of-Custody record, DA Forms 4137. will be
crossed checked with the labels on the samples received. The forms will be numbered
consecutively and located in the "Serial Number" section of the form. The number
will reflect: The type of sample (S=soil, W=water, and C=cartridge). The blank soil
samples are marked with the word "blank* on the label. The blank soil samples are
labeled to correspond to the the spiked samples; i.e. SAB is the blank for SA, SBB is
the blank for sample SB, and SNB is the blank for SN. The last character in the
number is the laboratory number. The laboratory number for the R&TD laboratory is
number 15.

7.2.1 The receiving activity is the R&TD laboratory in Building E-3300. The sample
custodian will be Michael Lochner as the primary with Dennis Rohrbaugh as the
alternates. Other alternates will be appointed as required.

7.3 SAMPLE LABELS. If the documentation and labels agree, the DA Form 4137 will be
signed by the samzple custodian.

7.4 SAMPLE DOCUMENTATION. The sample custodian will complete the Sample Log-In
Sheet, Chemistry Department.

7.4.1 The sample custodian will record the date, page number, custodian, site ID,
and transportation shipping number of the sample.

7.4.2 The sample custodian will indicate the state of the custody seal, the
presence/absence of the chain-of-custody records, integrity of bottle contents.
pertinent sample information, and sample tag (option) information on the Sample
Log-lt Sheet, Chemistry Department.

7.4.3 The sample custodian will record the date and time the sample was
received, the chain-of-custody record number, site identification, sample tag number
(option), assigned lab number, and remarks.

7.4.4 The sample custodian will record the new sample in the general sample
log. Comments, as described in 7.4.1-7.4.3, about the individual sample(s) will be made.
Observations about the sample, such as, color, consistency and viscosity will be made
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on the data sheet.

7.5 STORAGE OF EXTRACTS/SAMM

7.5.1 The extracted/prepared samples will be placed in a sample tray.

7.5.2 The sample tray will be placed in a container and secured in a locked
refrigerator. The analysts responsible for the appropriate procedure will be
contacted by the sample custodian that the samples are ready for analysis. The DA
Form 4137 will be placed In the tray with the samples and will follow the samples as
they are routed from lab to lab.

7.6 DISTkIBUTON OF EXTRACTS/SAMPLES. Distribution of extracted/prepared samples
and standard reference solutions for analysis will be performed by the sample
custodian.

7.6.1 Sample vials will be placed in a sample tray. Standard reference solution
vials will be distributed first. Then sample vials (in the following order. GC-FID. GC-
FPD, GC/MS, ICD & NMR analysis) will be distributed.

7.6.2 The sample custodian will record the sample number, description, date
and time the sample(s) were given to the analyst, the reason for distributing the
sample (i.e., type of analysis Performed, the room and building the samples are being
taken to, and the analyst's name and initials) on the Sample Control Record.
Chemistry Department. In addition, the receiving analyst will sign DA Form 4137 as"received by'. The sample custodian will sign DA Form 4137 as *released by'.

7.6.3 After analyses are completed, the analyst will notify the sample
custodian to pick up the samples. The samples will be processed by the sample
custodian by recording the date and time the sample was received, with the
custodian's signature. In addition, the sample custodian will sign DA Form 4137 as"received by'. The analyst will sign DA Form 4137 as "released by'.

7.7 DISPOSAL OF SAMPLES AND STANDARDS. The sample custodian will handle &
dispose of samples & standards in accordance with GOP# 8-0-90-0000. SOP # 8-0-9-90-
0009, and SOP 0 8-0-90-0011.

8.0 CALCULATIONS: N/A.

9.0 QUALITY CONTROL: N/A
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APPENDIX C

SAMPLE PREPARATION

Table C-I. NMR Extraction Weights and Volumes

NMR SAMPLES (A) (B) (C)
CDCL3 D20 0.5M KOH/CH3OH

WEIGHT/ MLS MLS MLS MLS MLS MLS MLS MLS RECONC
SAMPLE MLS USD RCV'D CNC USD RCV'D CNC USD RCV'D FM DRY

SAB-15 10.058 20.0 11.8 1.6 20.0 14.0 2.9 20.0 18.2 1.5

SA-15 10.068 20.0 13.0 1.7 20.0 15.7 3.3 20.0 15.1 1.5

SBB-15 10.001 20.0 16.9 1.9 20.0 15.4 2.2 20.0 19.6 1.5

SB-15 10.057 20.0 16.6 2.2 20.0 15.4 3.6 20.0 19.4 1.5

SNB-15 10.053 20.0 17.1 1.6 20.0 17.4 2.0 20.0 17.6 1.5

SN-15 10.023 20.0 15.1 2.3 20.0 14.8 2.6 20.0 18.7 1.5

(B)
(A) CDCL3

MLS MLS AQUE REDISS
SAMPLE MLS/MLS USD RCVD TO DRY IN D20

-..... 1. . 0/9.0... 1.5... 0. 75.. . 1.....1. . 0..................................
WB-15 1.0/9.0 1.5 0.75 8.1 1.0

W-15 1.0/9.0 1.5 0.75 8.1 1.0

KEW-C14 1.0/9.0 1.5 0.75 8.3 1.0

C-1



Table C-2. GC/MS Extraction Weights and Volumes

GC/MS SAMPLES

(A*) (B*) (C*) (D*)
CH2CL2 HPLC CH3OH 0.5M

H20 KOH/
RCVD MLS CH3OH

WEIGHT/ MLS MLS MLS MLS TO RCVD MLS MLS MLS
SAMPLE MLS USD RCVD CNC USD HPLC TO DRY REDISS USD RCVD

SAB-15* 10.033 20.0 7.1 2.0 20.0 1.0 8.5 2.0 4.0 2.9

SA-15* 10.083 20.0 8.5 2.0 20.0 1.0 10.1 2.0 4.0 2.6

SBB-15* 10.047 20.0 12.5 2.4 20.0 1.0 12.7 2.0 4.0 2.8

SB-15* 10.061 20.0 15.9 2.0 20.0 1.0 13.0 2.0 4.0 2.8

SNB-15* 10.009 20.0 11.5 2.1 20.0 1.0 11.8 2.0 4.0 2.6

SN-15* 10.031 20.0 15.9 1.6 20.0 1.0 9.9 2.0 4.0 2.7

(A*) (B*) (C*) (D*) (E*)
CH2CL2 CH2CL2 CH2CL2 CH30H

WATER ACID PH BASIC PH FROM DRY
MLS MLS MLS MLS MLS MLS MLS MLS MLS MLS MLS MLS

SAMPLE HPLC/USD USD RCVD CNC USD RCVD CNC USD RCVD CNC USD
WB-15* 1.0/9.0 5.0 4.0 1.8 5.0 4.2 2.0 5.0 4.3 2.0 2.0

W-15* 1.0/9.0 5.0 3.9 2.0 5.0 4.0 2.0 5.0 3.9 2.0 2.0

KEW-14* 1.0/9.0 5.0 3.8 2.0 5.0 4.1 1.9 5.0 4.1 2.2 2.0

ACETONITRILE
C18

MLS
SAMPLE USD

KB-15 1.0

K-15 LOADED 1.0
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Scheme C-1. Soil Sample Preparatio, For Chromatographic Analysis

Warm Sample

Homogenize Sample

Weigh Out 10 Grams

Sonicate 10 min

Organic Layer Solid

Centrifuge ryUdrNtoe
10 min @ 2000 rpm Dry Under Nitrogen

Filter Through Extract w/2x1 OmL HPLC
0.45 um Filter Water, Sonicate 10 Min

Dry w/Anhydrous Continued on Next Pag
Sodium Sulfate

Concentrate to 2 mL

Add Internal
Standard

Analyze by GC/FPD, Sample A*

SGC/MS and GC/FTIR
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Scheme C-i. Soil Sample Preparation For Chromatographic Analysis (cont'd)

MeOH/KOHd SWnterm

Ext~ 2000 rpmmL

for ePLC Ana S lsisdvprteMtao

Dissnlvefuesiduemin xtract *!2xlomL Hexane
220 mLr MaC/KH Son 10nShrn m in

Filtegh ThrugnteriThrug h 0
I rn Filter@ 20Cr

Denivaiz lat mo D ervatize mCNentratie w, 4M r

Lt wSTFA N ~ r z m e h n 
Nttrogen r 1E v p a te M t ao2 ml

Sa pl 
Sa p e B

Disso I ve Residue in Ex ract w!2 m Hean

APPNDI C .O So9 5_i_-aog i
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Scheme C-2. Soil Sample Preparation For NMR Analysis

Warm Sample

Homogenize Sample,
Weigh Out 10 g for

Extraction

Extract w/ two 10 m L

Portions of CDCL3,
Sonicate each 10 min

Centrifuge each for 10
min @ 2000 RPM, Decant

and Combine Liquids

A X
Liquid from CDC13 Solid from CDC13

Extract Extract
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Scheme C-2. Soil Sample Preparation For NMR Analysis (Cont'd)

Liquid from CDCI3
Extract

Dry w/ Anhydrous
Sodium Sulfate

Filter thru 0.45 pm
Disposable Filter

Concentrate to 1 mL
w/ Dry Nitrogen

Transfer to NMR Tube
for Analysis

APPENDIX C C-il



Scheme C-2. Soil Sample Preparation For NMR Analysis (Cont'd)

[ Solid from COCI3
Extract

I. Extract w/ two 10 mt.
Portions of 020,

Sonicate each 5 min

Centrifuge each for 10
mInM 2000 RPM. Filter

and Combine Liquids

Solid Liquid

Add Two 10 mL Portions Concentrate to I ML
of O.SM CH3OHIKOH. W/ Dry
Sonicafe each 10 mn / Nitrogen

Centrifuge each 3 min Transfer to NMR Tube0 2000 RPM, Decant and frAayi

E - ~~~Combine Liquids 
o nayi

Dry w/ Anhydrous

Sodium Sulfate

Filter w/ 0.45 pm
Disposable Filter

I Concentrate to Dryness

*1 Dry Nitrogen, Take-

E - Up in 1 5 ML CD300

Transfer to NMR Tube

for Analysis
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Scheme C-4. Water Sample Preparation For NMR Analysis

Measure Out 10 mL
Sample

F T-
Transfer 1 mL to NMR Extract 9 mL Portion

Tube for Analysis w/ Two 0.75 mL
Portions of CDC13

FI
Organic Layer Aqueous Layer

Combine 2 Organic Concentrate to
Layers Dryness w/ Dry

NitrogenL
Dry w/ Anhydrous [ Dissolve Residue in

Sodium Sulfate 1 mL of D20
Filter, if Required

I

Transfer to NMR Tube Transfer to NMR Tube
for Analysis for Analysis
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Scheme C-5. C-18 Cartridge Sample Preparation

Elute w/5mL
Acetonitrile

Dry w/Anhydrous
Sodium Sulfate

Add Internal
Standard

F I1

Derivatize 1 mL Derivatize 1 mL with
with BSTFA Diazomethane

Analyze by GC/MS Analyze by GC/MS

and GC/FID/FPD
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Nuclear Magnetic Resonance Spectrometry 1. NMR Sample Preparation
in the International Interiabofatory Comparison Test
Round-Robin 4, 1993 page( 1 / 2

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

NMR SAMPLE IOENTIFICATION

'1.1 NMR sawrile code: S 12 Sample preparaton dat:
WI5-C 1 9 March 1993

SOLVENT

'1.3 Name andor formumA 1.4 Deuteraton degree or 1.5 Mantlctrer.
D20 pty99.9 atom % D MSD Isotopes

CHEMICAL SHIFT REFERENCE COMPOUND(S)

"1.6 For "1,7 Name ar/or fnrmula -1.8 Type 1.9 ManufactJurr 1.10 Purty
nucleA

IH,13C Sodium 3-trimethylsilyl- Internal Merck & Co., Inc. -
propionate-2,2,3,3-d 4 (TSP)

31p Phosphoric Acid External Fisher Sci. Co. 85%

1.11 Prepaution of chemik• shrft reference solubon(s):

References were used as received.

NMR TUBE

1.12 Sealed by: 1.13 Outside diametr 1.14 Tubxe manufactJrer, 1.15 Filtration method:
0 melfng and tube code: (Dno 111tration

®scap + Parafilm )througpieceof cxmn
W) o means, descrt 5-mm Wilmad 507-PP

i) through a sintered glass
rv) other, descnbe

SAMPLE PREPARATION

"1.16 Sample prepaation detbil:

After extraction with CDCI 3 , the aqueous layer of a 9-mL portion of the
original sample was concentrated to dryness using dry nitrogen. The resi-
due was dissolved in 1-mL of D2 0. This sample was transferred to an NMR
tube for analysis.

See attached block diagram.

1.17 Not"a•

A1,IPPND[X D 2



page ( 2 / 2)

Aqueous Liquid Sample Preparation
for NMR Analysis

Measure Out 10 mL

Sample

Transfer 1 mL to NMR Extract 9 mL Portion
Tube for Analysis w/ Two 0.75 mL

Portions of CDC13

Organic Layer Aqueous Layer

Combine 2 Organic Concentrate to
Layers Dryness w/ Dry

Nitrogen

Dry wI Anhydrous Dissolve Residue in
Sodium Sulfate 1 mL of D20

Filter, if Required

Transfer to NMR Tube Transfer to NMR Tube
for Analysis for Analysis

Sample W15-C
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Nuclear Magnetic Resonance Spectrometry 2. NMR Instrumentation
in the International Interlaboatory Comparison Test 3. Testing of Instrument Performance
Round-Robin 4, 1993 page( 1I 1

Laboratory/Counlry: LABORATORY 15 / U.S.A. (ABERDEEN)

NMR INSTRUMENTATION

-2L1 NMA spectwnubr ~ 2.2 Spectornew mfarsAackno
Varian VXR-400S Varian Associates

2.3 Protn frequency 2.4 Ternaetc control unai 2.5 In3stL 2.6 Spectomebr open*- rystem
[AHz: 399.95 MHz p(re:3ent NO year 1988 VNMRS 4.]B

2.8 Co~r oper ng system
'Z Probehead(s) SUNOS 4.1.2

"2.7.1 Pmbehead name 2.72 Observable nuci '2.7.3 Z.9 Notes:

Sarnef

Broadband/switch- 1 H, 1 9 F and 15N 5-mm
able thru 31p

TESTING OF INSTRUMENT PERFORMANCE

"3.1 (32) -2.7.1 03.3 Test n3.4 Test name, test sanple, and sanple '3.5 Res"A *3&
NucAus owwbehoWad da ong (SA, -ku Specks-

9 ' =wk"1H I Sensitivity, 0.1% ethyl

BB/swit. 2 Mar 93 benzene/CDCl 3 (Varian) 130 100
Sensitivity, 0.05% CF3 -C 6 H5

19F BB/swit. 2 Mar 93 in C6 D6  (Varian) 215 100

B1/s3t 2Mar9 Sensitivity, 40% Dioxane, 120C BB/swit. 2 Mar 93 60% C6 D6 (Varian) 165
31 Bli 2MSensitivity, 0.0485M Tri- 100

p BB/swit. 2 Mar 93 phenyl Phosphate/CDC13 (VA) 16__i00

Resolution, 4 0% Dioxane,
13C BB/swit. 16Dec92 60% CA (Varian) 0.15 :-2

3.7 Notes: S/N measurement used as criteria for instrument performance since
S/N specification will not be met unless resolution and pulse width are
within specifications.
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Nuclear Magnetic Resonance Spectrometry 4. NMR Experiment
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page ( 1 I 1

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"4.1 Metod: 13C-.(1H} NMR 19F NMR

31P-{1H) NMR 31P NMR other. describe:

-4.2 Spectrum nurnber (4.3) *1.1 NMR sample (4.4) -2.1 NMR 4.5 Reofding dam:
code: spectrometer

NMR-1 W15-C Varian VXR-400S 10 March 1993

"4.6 Observation frequency '4.7 Sample lemperaUlir -4.8 Spec'rai w'md (Hz 49 Spectraj vMd [pipj:[MHz]:[): +22 °C 00
399.952 

8000 20 ppm

"4.10 Obs. pu.ls angle '4.11 Obs. pulse duration 4.12 Pulse sequence name: '4.13 Number of scans:(degrees): (ps):360 
12.0 S2PUL 

768

"4.14 Repetiton lime (s): 4.15 Total aoqtisiton timn: "4.16 Number od dat '4.17 Number of data
points n F: pomts In real part of

5.0 64 rain specturm
48,000 24,000

"4.18 Lock conditions: '4.19 u(lf and S/N: (420) '2.7.1 Probethed '4.21 Chical, shift
Ieprevided by solvent name: reference value ýippmj:
ii) experiment wi1out kxik U(,I, 0.8 Hz
Fn) other lock system, of ine at 4.82 ppm BB/Switchable 0.0000

descnBbe w h a 1 1/ 1
siN. 11/1
_ ofInseat 3.70 ppm

4.22 CuaQftJon A standard solution containing each of the four identified
compounds was prepared in D2 0 (500 ug/ml each of methylphosphonic acid,
diisopropylaminoethanol and benzilic acid and 750 ug/ml 3-quinuclidinol).
The 1H NMR spectrum ot this sample was obtained using a 600 pulse width and
a repetition rate of 63 sec (all other parameters as above). The 1H %MR
spectrum of W1S-C was re-run using the exact same conditions. The absolute
intensity integrals of the two spectra were compared to calculate a "ball

4.23Notes: park" concentration for each component in the aqueous sample.
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Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interfaboratory Comparison Test
Round-Robin 4, 1993 page( 1 /

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

.5.1 1UPAC, CA or WvW nam of 1he identified comrpr--: *52 Moleuata structu:

Methylphosphonic Acid
0

CH3-P<OH

*5.3 CAS No: (5.4) "42 Spectrum (5.5) 1.1 NMR ,amp3 OH

number code:

993-13-5 NMIRR-1 W15-C

'5.6 Crrena for postiv identficabn: (5 .7) "4.1 lhod: 1

t) kinrpretasbo heiR
Awrnianson to a database spectrun

ompan"son to a reference specbtum of authentic compound 5.8 Maiysis daa: 10 March 1993

05.9 Interpretation

5.9.1 Assignment 5.92 Chemical
-s. • • shif• 5.9.3 Coi4l-ing cosat

"OwpnJl [Hzl

1 1.09 15.6 (P-H)

5.10 Nol$s:

Quantitation aoainst a standard solution containing a knoý.n amount of
the compound indicated the concentration of methylphosphonic acid is
ca. 9 ug/ml in the original W15 sample.
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Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4. 1993 page( 1 / I

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"5.1 1UPAC. CA, x w•M rnagn of the iden<tled compound: "5.2 NoIeCoLar structm:

2-(Diisopropylamino)ethanol

[(CH3 ) 2 CH ] 2 N-CH2 CH2 -OH
15.3 CAS No: (5.4) 4.2 Spectrum (5.5) -1.1 NMR sampn1 2 3

nr c: 1 2 3 4

96-80-0 NMR-1 W 1I5-C

•5.6 8 ieria for postvid entfiatio (5.7) '4.1 MeWhod: 1H NMR
i) terpretation

cornpanson to a database spectrum
,tmpavson to a reference spectrum of autientic oompound 5.8 Ana•si date:10Mrh93~ 5.8Ma~ys daWi0 March 1993

"5.9 Interpretaton

5.9.1 Assignment 5.92 Chiemicai
(m sU2 %c mnubee,' of shift 5.9.3 Co ming con•ta••s,s'o") bI l L-1

1 1.33 6.4 (H-H), doublet

2 3.70 6.4 (H-H), septet

3 2.9-3.2 Not observed due to peak overlap.

4 3.86 ca. 5.8 (H-H), triplet

5.10 Nots:
Quantitation against a standard solution containing a known amount

of the authentic compound and comparison with a spectrum of W15 before
any extractions indicated that the concentration of 2 -diisopropylamino-
ethanol is ca. 8 ug/ml in the original W15 sample.
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Nuclear Magnetic Resonance Spectrometry S. Analysis Results
in the International Intertaboratory Comparison Test
Round-Robin 4. 1993 page( 1/ 1 )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"5.1 IUPAC. CA. or triv name of t. idermsed compound: '52 Molesara st:uclur:

3-Quinuclidinol 3 OH

'5.3 CAS No: (5.4) 42 Spectrum (5.5) -1.1 NMR sarpe7nubr code: N5

1619-34-7 NMR-I1 W15-C 8

"5.6 rCrina for postive identfication: (5.7) "4.1 Walod:

* oompanson lo a database spectrum
l rnpanson ID a reference spectrum of autentd compound 5.8 Analysis dab:____ ___ ____ ___ ____ ___ ____ ___ ____ ___ ___10 March 1993

`5.9 Interpretation

5.9.1 Assignment 5.92 Chemical
(*. S.2 %x *A bewrq o shift 5.9.3 COWN constantsmoo ) Ippml [Hz]

2a,b 2.96,3.50

3 4.23

4 2.17

5a,b 1.79, 2.12

6a,b 3.21

7a,b 1.79, 1.98

8a,b 3.08, 3.15

5.10 Nots: Quantitation against a standard so'lution containing a known amount
of the authentic compound indicated the concentration of 3-quinuclidinol
is ca. 18 ug/ml in the original WI5 solution.

APPF, DrX P P-8



Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page( 1 I 1 )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"*5.1 IUPAC, CA. or triva name of fie identrf•d compound: *5.2 MoWeaiv structw:

Benzilic Acid OH

C-COOH

"5.3 CAS No. (5.4) '42 Spectrum (5,5) '1.1 NMR sarmpl
numbe•, code:

76-93-7 NR-1 W15-C

*5.6 Creria or posrt iden~teficaona (5.7) 04.1 Method:
) orprtan NMR

comparison to a database spectrum
M mparison b a reference spectrum of authentic ompound 5.8 Malyrsis date:

10 March 1993

*5.9 Interpretaton

5.9.1 Assignment 5.92 Chemical
(" so2 for ftarr•, d sh ft, 5.9.3 Couplrng conrants
41WMI Loppm

All aromaticlromtic 7.38-7.44 Not determined.protons

5s10Notes: Identification made based on pattern observed for both the standar(
solution and the unknown solution.

Quantitation against a standard solution containing a known amount of th-
authentic compound indicated the concentration of benzilic acid is ca.
8 ug/ml in the original W15 sample.

APPENDIX D D-9
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Nuclear Magnetic Resonance Spectrometry 4. NMR Experiment
in the International Interlaboratory Comparison Test
Round-Robin 4. 1993 page( 11 1

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"4.1 kMItod: 1H NMR 13C-(1H4 NMR 19F NMR

31P-{1H) NMR 0w. describe:

942 Specrum numbe (4.3) 11.1 NMR sarple (4.4) 2.1 NMR 4.5 Roodnfnig daW:
code: spectrmeer:

NMR-2 WIS-C Varian VXR-400S 11 March 1993

"4.6 Observaton frequency '4.7 Sarnple temperature '4.8 Spectni] wkp Hzi: 4.9 SpeCt-al wi•'d IpMI:

H 161.903 c +22 °C 40,000 247 ppmC r t o l d Y E S ( o

"4.10 Cbs. puLse angle '4.11 bs. pulse duration 4.12 PuLse sequence name: '4.13 Nunber of scans:
(degrees): (On):

470 7.3 S2PUL 1168

"4.14 Repetition time (s): 4.15 ToW acquisition time: '4.16 Number od data '4.17 Number of data
points in FIO: points in real pan of

1.8 35 min 64,000 spectun 3 032,000

"4.18 L.c• cknditbons: *4.19 w0r and S/N: (420) "2.7.1 Probehead '4.21 ChemcaJ shift
2Lpo r povided by solvent name: reference vaiue (ppm]:
Cu1)kxe~nt wflhoqU iocik uQ,- 1.7 Hz
1 = olroclcsysta, ofriea 2 1. 3 5ppm BB/Switchable 0.00
descnbe

S/N- 16/1
of ne at 21.35ppm

422 C.antrftion

423 Nos:

APPENDIX D D-13



Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4. 1993 page( I I

LaboratorylCountry: LABORATORY 15 / U.S.A. (ABERDEEN)

'5.1 IUPAC, CA or Wma narm of the Idenfdled oompound: *52 INbexe struclute:

Methylphosphonic Acid 0

OHCH3-P OH

'5.3 CAS No: (5.4) "4.2 Specrumn (5.5) -1.1 NMR sample 1
nurnber. code:

993- 13-5 NMR-2 W1L5-C

'5.6 Ofn for p,, denfca~On: (5.7) '4.1 ho3tpod
i) Inarprettion
*nmpanson to a datas. spec•lu•

m) rpanson lo a reference spectrum of adhentk compound 5.8 Anayss dais:
1 11 March 1993

"5.9 Inrpetabon

5.9.1 Assignment 5.9.2 ChemscJ
("* s. 2 Wo nmrbwr of shft 5.9.3 Coupfing constaum
"w*n) Lopmi IH uI

1 21.4 15.4 (P-H), quartet

5.10 NoWs:

APPFNDIX L) D-14
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Nuclear Magnetic Resonance Spectrometry 4. NMR Experiment
In the InteinatlonaJ Interlaboratory Comparison Test
Round-Robin 4, 1993 page( I I )

Labotatory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"4.1 Metod: IH NMR 19F NMR

31P-(J1HNMA 31PNMR olhr, e :scr:

"42 Sqcb1•jnur•~. (4.3) 01.1 NMR arnqale (4.4) 2.1 NMR 4.5 Reoodnfg daw:
code: spectomolrm

NMR-3 W15-C Varian VXCR-400S 12 March 1993

"4.8 bservaton "quency 94.7 Sa'npl larnperlu .4.8 Spe,&-b1 •W i P[Z] 4.9 Specta.J widh Ip:
[MH4| I*C +23 0 C

100.577 YES 25000 243.5 ppm

"4.10 0bs. ptuse ange *4.11 Obs. putse duration 4.12 Pulse sequrnc" rarna : *4.13 Nurmbe of scw':
(degrees): (0):

66 9.5 S2PUL 42024

"4.14 Repe1bo %Tno (s): 4.15 Tota aquistm toom': 14.16 Number od data *4.17 Number of data
points in iFD: points in rea pan of

spectrum
4.1 sec 48 hrs 80000 40000

"4.18 Lock conditions: *4.19 W(,• and "S/N (420) 2.7.1 Probehead 4421 Chernicai shit
9 ock Plavided by solent naUTm: reference vaue pprnp:

1e pe'brMaon kxk w. 1. 9 1
i. ober lc system, ofrinet 28.8 ppm
descnrb 3.3/1 BB/Switchable 0.00

oflrneit 16.3 ppm

4.22 Ouarytlon

423 Nobs:

APPI'NTDIX D D-16



Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page(1 / 1 1

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"5.1 1UPAC, CA. or Vial naor of 1he idenrfied oomprr'Md: 05.2 MWa.Aar st-r'uctr:

Methylphosphonic Acid 0

CH 11OH
CM3-P OH

"5.3 CAS No: (5.4) -4.2 Spectru (5.5) -. 1 NMR sample
nrrnber code:

993-13-5 NMR-3 wis-C

*5.6 Cnlria for posve identfcation: (5.7) "4.1 Metod: 13C
(Pnerpretabon C_ _ _ _

) oomrparson to a database spectbum
(Doomprtnson b a referenc spectrum of authentic compound 5.8 nAr~ysi date: 15 March 1993

*5.9 Interpretaton

5.9.1 Assignment 5.92 ChemicaJ
(%. 5.2 W' nurr4, a shfts 5.9,3 CouvrN4 constants
,,of , [ppri [HZ]

1 17.0 131 (P-C)

5.10 Nottes:

APPENDIX D L- 17



Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboralory Comparison Test
Round-Robin 4. 1993 page ( 1I 1

Laboratory/Country: LABORATORY 1' / U.S.A. (ABERDEEN)

"5.1 JUPAC, CA. or trivia# nane of the ideotfied compound: '52 Moiecuiar stbcMrm:

3-Quinuclidinol 3 OH

2
7 4

"5.3 CAS No: (5.4) -42 Spectrum (5.5) -1.1 NMR sanle_ 5
number, code: / /

1619-34-7 NMR-3 W15-C 8 6

•5.6 Citeria or posrtkv identrficatior: (5.7) '4.1 M~elod: 13QInerpretion C NMR
i.Rn*,anson lo a databa spectrum

(!rnwpanson Io a renerenw spectrum of autlentic compound 5.8 Aalys dai: 15 March 1993

""5.9 Interpretatin

5.9.1 Assignment 5.92 ChemicaJ
(S,, s.2 9wr rmsbeiof shft 5.9.3 Coiuz constants'"( ppmj H

2 57.8

3 67.2

4 28.8

5 18.9

6 49.5

7 23.3

8 48.5

5.10 Nots

,,P P p',QfD 1 X D D - 19



Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page( 1 / 1 )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"*5.1 1UPAC. CA ocx r* narn of fie jenufd ciompoound: '5.2 WolecKuLa stnucjm:
twfMU~ .twt q l u

OH
Benzilic Acid 5- 5-C1

X C-COOH
0_ý 6

"5.3 CAS No: (5.4) '42 Spectrnu (5.S) -1.1 NMR saple 1,42
S numrber code:

76-93-7 NMR-3 W15-C 3

'5.6 Qitena for posdm identbficaton: (5.7) '4.1 Wthod: 13C
i) interpretaon Nla

,companson to a database spectbun
mmpnja'son b a reference spectrum of authentic compouid 5.8 Arsi dat: 15 March 1993

"5.9 Interpretation

5.9.1 Assignment 5.92 Chemica
(we S-2 to, fr v ,r, shifts 5.9.3 CoWiang constants

[ppm] [HZ]

1,2 130.51,131.1

3 130.56

4 N.O.

5 N.O.

6 N.O.

5.10 Notes:
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Nuclear Magnetic Resonance Spectrometry 1. NMR Sample Preparation
in the International Intedtaboratory Comparison Test
Round-Robin 4,1993 page( 1 I 2 )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

NMR SAMPLE IDENTIFICATION

"*1.1 NMR sam le code: 11.2 Sample preparation dai:KEWI4-C 19 March 1993

SOLVENT

*1.3 Name and/or bomvjL&- 1.4 Deuarabon degree or 1.5 Manufacturer

D2 0 pu"' 99.9 atom % D MSD Isotopes

CHEMICAL SHIFT REFERENCE COMPOUND(S)

&1.6 For '1.7 Name an•or formula 1.8 Type 1.9 Manufacturer 1.10 Puity

IH Sodium 3-trimethylsilyl- Internal Merck & Co., Inc. -

propionate-2,2,3,3-d 4 (TSP)

31p Phosphoric Acid External Fisher Sci. Co. 85%

1.11 Preparation of chemical shift refrence soluton(s):

References were used as received.

NMR TUBE

1.12 Sealed by: 1.13 Outside d•aneter 1.14 Tube manufactuer, 1.15 Ftrat$on method:

i0rnefli and tube code: (DIo filtration
("cap+ Parafilm 5-mm ii) hrough piece of cotlon

Q) o mans descnbe Wilmad 507-PP Woi
ii) through a sirtered g~ass
iv) olher, describe

SAMPLE PREPARATION

"1.16 Sample preparation detuls:

After extraction with CDCI 3 , the aqueous layer of a 9-mL portion of the
original sample was concentrated to dryness using dry nitrogen. The resi-
due was dissolved in 1-mL of D2 0. This sample was transferred to an NMR
tube for analysis.

See attached block diagram.

1.17 Notes

APPENDIX D D -23



page ( 2 / 2

Aqueous Liquid Sample Preparation
for NMR Analysis

Measure Out 10 mL
Sample

F1
Transfer 1 mL to NMR Extract 9 rnL Portion

Tube for Analysis w/ Two 0.75 mL
Portions of CDC13

Organic Layer Aqueous Layer

Combine 2 Organic Concentrate to
Layers Dryness w/ Dry

Nitrogen

Dry wI Anhydrous Dissolve Residue in
Sodium Sulfate 1 mL of D20

Filter, if Required

Transfer to NMR Tube Transfer to NMR Tube
for Analysis for Analysis

Sample KEW14-C
;APPE-•DIX D D-24



Nuclear Magnetic Resonance Spectrometry 2. NMR Instrumentation
In the International Intertaboratory Comparison Test 3. Testing of Instrument Performance
Round-Robin 4. 1993 page( 1 )

Laboratory/Countiy. LABORATORY 15 / U.S.A. (ABERDEEN)

NMR INSTRUMENTATION

42.1 NMR 3p•comelaw 2.2 SpectDomler enudac•tre.

Varian VXR-400S Varian Associates

2.3* Proton *requency 2.4 Temperaujre oonbI unit .Z5 in3stL 2.6 Spetomor opemavng system
[AHz" 399.95 MHz pKesen W NO yea 1988 VNMRS 4.1B

2.s Corrvutr operaINg systemi
*Z7 Probehod(s) SUNOS 4.1.2

.2.7.1 Prob.head nanw 12.72 bservable nuclei 627.3 2_9 Nos:

dwirnler

Broadband/switch- 1H, 19 F and 15N 5-mm
able thru 31p

TESTING OF INSTRUMENT PERFORMANCE

"03.1 (3-2) .2.7.1 e3.3 Test &3.4 Test name, lest sarpl, and sam eis '3.5 Result *3.6
NUdeKs PyoeheW dab ogin (S^4 LrnM Speflca.

name Ion vakjs

Sensitivity, 
0.1% ethyl

H BB/swit. 2 Mar 93 benzene/CDCl 3 (Varian) 130 100

Sensitivity, 0.05% CF 3 -C 6 H519F BB/swit. 2 Mar 93 in C6 D6  (Varian) 215 100

13 BB/w. 2Ma9 Sensitivity, 40% Dioxane, 165 120C BB/swit. 2 Mar 93 60% C6 D6 (Varian) ____5__ 2

Sensitivity, 0.0485M Tri-
31p BB/swit. 2 Mar 93 phenyl Phosphate/CDCl3 (VA) 167 100

Resolution,40% Dioxane,
13C BB/swit. 16Dec92 60% C 6 D6 (Varian) 0.15 ý_0.2

17Nols: S/N measurement used as criteria for instrument performance since
S/N specification will not be met unless resolution and pulse width are
within specifications.
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Nuclear Magnetic Resonance Spectrometry 4. NMR Experiment
in the Intemnational Interlaboratory Comparison Test
Round-Robin 4, 1993 page( if 1

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"4.1 etlhOd: (E ) 13C-IKH) NMR 1SF NMR

31P-(1HK NMR 31P NMR other. describe:

"*4.2 Spectr% f nmrb.r (4.3) .1.1 NMR sample (4.4) 2.1 NMR 4.5 Reoord4g dais:
code: "spectmnewr.NMR-4 KEW14-C Varian VXR-400S 10 March 1993

"4.6 bservaton frquency *4.7 Sample lempefanlu "4.8 Spectni wid'M (H[z 4.9 SpectraJ wdth (ppm]:[MHzl: r'CI. 22°
399.952 C 8000 20 ppm

Conrofed: YES

"4.10 Obs. pulse angle '4.11 Cbs. pulse duraton 4.12 Pulse sequence name: '4.13 Numfbo" of scans:
(degrees): (Os):

360 12.0 S2PUL 232

"4.14 Repetition brne (s): 4.15 Total acquisition tine: '4.16 Number od dati *4.17 Nurnber of data

points in FID: poin reaJ part ofspecb•wr:
5.0 19.7 min 48,000 24,000

"4.18 Lock cotnito•os: '4.19 u(M and S/N: (4,20) M2.7.1 Probehead '4.21 Che'niCe i shift
(3" provided by solvent name: reference value [ppm]

i) eVenment•wilhoulIock uKl 0. 70 Mi
1 ot lock systern. of inm 4.82 ppm BB/Switchable 0.0000

descrbe
sIN 3/1
of &Wne 3 .70pprn

4.22uanta'Jon A standard solution containing each of the four identified
compounds was prepared in D2 0 (500 ug/ml each of methylphosphonic acid,
diisopropylaminoethanol and benzilic acid, and 750 ug/ml of 3-quinuclidi-
nol). The 1H NMR spectrum of this sample was obtained using a 600 pulse
width and a repetition rate of 63 sec (all other parameters as above). The
IH NMR spectrum of KEW14-C was re-run using the exact same conditions. The
absolute intensity integrals of the two spectra were compared to calculate
a "hallUark" concentration for each component in the original sample.

4.23 Notes:

APPENDIX D D-26



Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page( 1/

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"*5.1 IUPAC. CA, orcw IrJ nane of tie kd.f corrpound: *5.2 Wleouar structiru:

Methylphosphonic Acid 0
4 .1 OH

CH3 -Px

"*5.3 CAS No: (5.4) "42 Speclrum (5.5) *1.1 NMR sarmplP OH
nuiber. code: 1

993-13-5 NMR- 4 KEW14-C

*5.6 Crtena for positive ieonteficat : (5.7) '4.1 Melhod:
i) inrtrpretabo 1H NMR

,jLmpanson lo a database spectr• m
untrnpmarson b a reference spectrumn of authentic ompo.nd 10 March 1993

*5.9 Interpretation

5.9.1 Assignment 5.92 Chemical
("os.2 ot nurrbew, of shEf 5.9.3 CoiLoing constants

1.09 15.6 (P-H), doublet

5.1ONotes: Quantitation against a standard solution containing a known ar',0:.,t
of the authentic compound indicated that the concentration of methyl-
phosphonic acid is ca. 9 ug/nml in the original KEWI4 sample.

APPENDIX DD D-27



Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4. 1993 page( 1 /

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

'3.1 IUPAC. CA, or twal name of t1he idenfied cond: "5.2 Molwoa sbuctjme:

2-(Diisopropylamino)ethanol

[(CH3 ) 2 CH] 2 N-CH 2 CH2 -OH

.3 CAS No: (5.4) '42 SpeCln (5.5 1.1 NMR sampl 1 2 3 4
numnber. code:

96-80-0 NMR-4 KEW14-C

'5.6 Onena bor posth• ,• foimb•o (5.7) '4.1 Whod: 'H NMR
i) it t rptaHtR
ji) orompanson lo a database spect.ure

(qkrnhpanson b a reference spectum of aulentccompound 5.10 March 1993

.5.9 Interpretaton

5.9.1 Assignment 5.92 Chemical
(so0 &2 Ow rt*Ybw.rv 0 shifts 5,9.3 Coupring Constants"•'• ppmi N~z)

1 1.33 6.4 (H-H), doublet

2 3.70 6.4 (H-H), septet

3 2.9-3.2 Not observed due to peak overlap.

4 3.86 ca. 5.8 (H-H), triplet

5.10Nots: Quantitation against a standard solution containing a known anut

of the authentic compound indicated that the toncentration of the
2-diisopropylaminoethanol is ca. I ug/ml in the original KEB1! SdFp'e.

APPENDX DD2



Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Inteflaboratory Comparison Test
Round-Robin 4, 1993 page( I I 1 )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

-5.1 IUPAC, CA, or V*W name of the iden1tied oomrpound: -52 woleýa~ srucjrue:

OH
3-Quinuc lidinol 3O

24

05.3 CAS No: (5.4) '42 Spectrrni (5-5) -. NMR sanI 7 1
number. code: N 5

1619-34-7 NMR- 4 KEWI4-C 8

*5.6 Crftna for pose KWficatoi (5.7) -4.1 Metiod: SerpretaonH N4R

jcrnpanson Io a databse spectrnul
"n panson Io a reference spectrum of aullentc compound 5.8 An alysas datb:____ ____ ___ ____ ___ ____ ___ ____ ___ ____ __i0 March_1993

-5.9 Interpretaton

5.9.1 Assignrment 5.92 Cherncw
Im. s52 W nuY'brv of Shift 5.9.3 Coupfirng cst

2a,b 2.96, 3.50

3 4.23

4 2.17

5a,b 1.79, 2.12

6a,b 3.20

7a,b 1.79, 1.98

8a,b 3.07, 3.14

5.1ONots: Quantitation against a stindard solution containing a known amount
of the authentic compound indicated that the concentration of 3-quinucli-
dinol is ca. 13 ug/ml in the original KEW14 solution.
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Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4. 1993 page( I I )

Laboratory/Counury: LABORATORY 15 / U.S.A. (ABERDEEN)

"5.1 IUPAC, CA, or rt4v nuw of lie identf1ed compound: *52 WleWa.w structrm:

OH
Benzilic Acid - I

C-COOH

*5.3 CAS No: (5.4) '42 Spectorun (5.5) *1.1 NMR sample
nurmber. code:

76-93-7 NMR-4 KEW-14-C

*5.6 Cniena for poer. ,.a ncabom (5.7) *4.1 hlhod: 1

) Inlrettn HNMR

Lcormpanson 10 a databae spectumn
ný>T.)anson b a reference spectrum of auoienbc compound 5.8 Analyse date:

10 March 1993

"*5.9 Interpretstion

5.9.1 Assignment 5:92 ChemnicaJ
o..2 S imr.*wrq W shafts 5.9.3 Cou(ing conslnts

so*") li-Izi

All aromatic 7.38-7.44 Not determined.
protons

5.10iotes: Identification made based on pattern observed for both the -I andard

solution and the unknown solution.

Quaritation against a standard solution containing a known anloiint of

the ai hentic compound indicated that the concentration of lenzilic a(.id

is ca. 7 ug/ml in the original KEW14 sample.
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Nuclear Magnetic Resonance Speclrometry 4. NMR Experiment
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page( 1/1

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

*4.1 Method: 1H NMR 13C-0{1H NMR i91 NMR

31 P.1 1,4 NMR (EjýR other,, escri

'42 Spectnum nurTbe (4.3) 01.1 NMR sample (4.4; '2.1 NMR 4.5 Recording dase:
code: spectmeter,

NMR-5 KEW-14C Varian VXR-400S 15 March 1993

"4.6 Observation frequency 14.7 Sample terperature -4.8 Spectl Wdt [Hz]: 4.9 Spectiai wftd Lppm]:

(MHz 1 rq: +22 Oc
161.903 Contlled:40,000 247 ppm

"4.10 Obs. pulse angle '4.11 Obs. pulse duration 4.12 Pulse sequence name: '4.13 Number of scans:

(degrees): 0p).
470 7.3 S2PUL 640

"4.14 Repetition tme (s): 4.15 Total acquisitin me: "4.16 Number od data *4.17 Number of data

points in FD: points in real part of
spectrumn

1.8 19.3 min 64,000 32,000

*4.18 Lock corndtions: "4.19 uor and SIN: (4.20) "2.7.1 Probehead 4.21 Chemica1 Shift

by solvent name: rerence value [ppm]:
Wwe ire t waouil lock w(1r4. 1 .5 HZ

fm) oier lock system, of ne at 21.38 ppS h
descnbe 14/1 BB/Switchabe 0.00

of one at 
2 1.

3 8 
ppm

4.22 Cuanitatbon

423 Notes:
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Nuclear Magnetic Resonance Spe•ctrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page( 1/ I

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"5.1 IUPAC, CA. " trivWa nanme of 1he idenkfed compound: "52 Mikeouar strujctre:
CWP, rujbwtv~ ofi -

Methylphosphonic Acid 0

I1 OH
CH3-PN•O

'5.3 CAS No: (5.4) *42 Spectrum (5.5) -1.1 NMR sample OH
number. code:

993-13-5 NMR- 5 KEW14-C

"5.6 Crita for posarve odenstficOan: (5.7) '4.1 Mhod± 31 P NR
i) Inarprtation
_ oomparSon 1o a database spectrum

Q0. e&,,on 10 a reference spectrum of autientic ompound 5.8 Arfyis dais:
15 March 1993

"5.9 Interpretaton

5.9.1 Assignment 5.92 Chiemocaj
("o &2 1w ..rbwrq of shft 5.9.3 Cob 'ng nstait" 0•') Opm l N 4z

1 21.4 15.5 (P-H), quartet

5.10 Nois:

•I:. X-.: D



7h

94c, 122-
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Nuclear Magnetic Resonance Spectrometry 1. NMR Sample Preparation
in the International Intertaboratory Comparison Test
Round-Robin 4, 1993 page( I / 4

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

NMR SAMPLE IOENTIFICATION

• 1.1 NMR sample code: 1.2 Sarr•ie pmnparabon daw:
SB15-B 19 March 1993

SOLVENT

"11.3 Name and/or formiua 1.4 DetAeration degree or 1.5 Manufacturer.

D2 0 Pu:99.9 atom % D MSD Isotopes

CHEMICAL SHIFT REFERENCE COMPOUND(S)

"A1.6 For *1.7 Narm a&n/ar rmnunla '1.8 Type 1.9 Manutacturer 1.10 Purty

nuceus

1H Sodium 3-trimethylsilyl- Internal Merck & Co., Inc. -

propionate-2,2,3,3-d 4 (TSP)

31p Phosphoric Acid External Fisher Sci. Co. 85%

1.11 Preparaton of chemicaJ shift referenoe soluton(s):

References were used as received.

NMR TUBE

1.12 SeaJed by: 1.13 Outside d•amnetr: 1.14 Tube manufact.Jr. 1.15 Fltration method:

AlmeF"n "n kibe tode: i) no Ifation

Vvecap + Parafilm m) through pe" of cotbn

fa) other means, descnbe oWilmad 507-PP W
m oh a sintered glass

) o. descnbe (see

1.16)

SAMPLE PREPARATION

*1.16 Sanple preparation detmils:

See attached block diagram.

1.17 Notes

APPFV F X D D -3



page ( 2 / 4 )

Soil Sample Preparation
for NIM R Analysis

Warm Sample

Homogenize Sample,
Weigh Out 10 g for

Extraction

Extract v,/ two 10 mL
Portions of CDCL3,

Sonicate each 10 min

Centrifuge each for 10
min @ 2000 RPM, Decant

and Combine Liquids

Liquid from CDCI3 Solid from CDCI3
Extract Extract

APPENIDIX D D-38
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Soil Sample Preparation
for NMR Analysis

(Continued)

Liquid from CDC13
Extract

Dry w/ Anhydrous
Sodium Sulfate

Filter thru 0.45 pm
Disposable Filter

Concentrate to 1 mL
w/ Dry Nitrogen

Transfer to NMR Tube

for Analysis

APPENDIX D D-39
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Soil Sample Preparation
for NMR Analysis

(Continued)

Solid from CDCI3

Extract

Extrac *1 two 10 mL1
Portions of D20

Sonicate each 5 min

C e eCentrifugm each for 10T
mi2 0 2000 RPM, Filtfr

C E_ and Combine LiquidA

I I

SToli Concentrate to
of O.SM CH3NHiKOH. WaN
SonicaU e each 10 mrin 

wDN

Sample SB15-B

l ~ Dry w/ Anhydrous

Sodium Sulfate

I ~ Filter w/ 0.4S um

tjisposable Filter

I Concentrate to Dryness

w/ Dry Nitrogen. Take-

l Up in 1.5 mL C0300

Transfer to NMR Tube

for Analysis
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Nucleaf Magnefki Resonance Spectometry 2. NMH Instrumentation
in the International Interlaboratory Comparison Test 3. Testing of Instrument Performance
Round-Robin 4.1993 page( / 1 )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

NMR INSTRUMENTATION

2.1 NMR spocknbr 2.2 spcternaie( nuAhctw.
Varian VXR-400S Varian Associates

2-.* Protn Iequncy 24 Terree%• contw unit 2.5 WIWIL 2-. Spectromter opOrVng "M
_A-__l: 399.95 MHz presen ( NO y" 1988 VNMRS 4.1B

2.e CorreMr operating sy•mte6Z7 ProbeheM(s) SUNOS 4.1.2

"2.7.1 Pmbehead m-r-• 2.72 Observable nuis 2.7.3 Z.9 Note:
Sanmpl

Broadband/switch- 1H, 19F and 15N 5-mm
able thru 31p

TESTING OF INSTRUMENT PERFORMANCE

13.1 (3.2) 2.7.1 e3.3 Test 03.4 Test name, test sample. and sar•pl '3.5 Res"l *i.6NUCIGW Probehead dmf o41n (s^ 0.60 Spec•m-
Marne So~n yak*

Sensitivity, 0.1% ethyl
H BB/swit. 2 Mar 93 benzene/CDC1 3 (Varian) 130 100

Sensitivity, 0.05% CF3 -C6 H5
BB/swit. 2 Mar 93 in C6D6 (Varian) 215 100

BB/s3i 2Mar9 Sensitivity, 40% Dioxane, 165 120
1C BB/swit. 2 Mar 93 60% C6D6 (Varian)1512

Sensitivity, 0.0485M Tri-
BB/swit. 2 Mar 93 phenyl Phosphate/CDCl 3 (VA) 167 100

Resolution,40% Dioxane,
C BB/swit. 16Dec92 60% C6 D6 (Varian) 0.15

17NoWi: S/N measurement used as criteria for instrument performance since
S/N specification will not be met unless resolution and pulse width are
within specifications.
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Nuclear Magnetic Resonance Spectrometry 4. NMR Experiment
it, the International Interlaboratoiy Comparison Test
Round-Robin 4, 1993 page( 1 I 1 )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

4., IMwd 6EF9 13C-(, K4 NMR 19 NMI

31P-{1H NMR 31PNMR oih.desaIt

"4.2 Spe•oen number. (4.3) 11.1 NMR samlple (4.4) -2.1 NMR 4.5 Reoord'ing dai:
code: spectromebtr

NM-6 SBI5-B Varian VXR-400S 22 March 1993

*4.6 Cbservaton frequency *4.7 Samnple trrnefaJiro -4.8 Spectral wkM (Hiz): 4.9 SpeclawicM ipprn]:

399.952 c +23 o 8000 20 ppm

*4.10 Obs. plse. angie "4.11 0bs. plse duatn 4.12 Pulse sequene nrme: '4.13 M&nte of s3ras:
(demgree): (m):

450 15.0 S2PUL 8904

"4.14 RepetAton dme (s): 4.15 TotaJ acqtisni time: '4.16 Number od dat '4.17 Nutmtor of data
ponts in FO: points in real part of

6.0 15 hrs SectM
32,000 16,000

*4.18 Lock conditiot: '4.19 vor4 and SMN: (420) -2.7.1 Probehead 0421 Chenicai shidt
Glock pmoved by sohent name: relae.S:ce vaue, 3'pm"

ff) experment wutiou.A lock %Kim- 1 .2 Htzi 0er systm. oflneOf 1.37 PP0
desci BB/SwitchableOO

"N,•. 8.4,11
orSeadJ. .P4 I l_____________ ,• 3,79pp j_ _ _ _ _ _ _ _ __ _ __

4.22 Ouanfttion

423 Nol:

Continuous homonuclear decoupling used during acquisition.
Decoupler frequency set to resonance frequency of the HDO peak.
Decoupler gated OFF during acquisition only.
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Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4. 1993 page( 1 /

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"*5.1 IUPAC, CA, or tVMW namre of the idendfied compoumt "52 MoAeowr stnaclurs:
CW~h -tqt Cd -)v,

0Methylphosphonic Acid h10OH

OH
'5.3 CAS No: (5.4) 42 SpOCM (5.5) "1.1 NMR sale 1

nun•w. code:

993-13-5 NMR-6 SBIS-B

"*5.6 Oftna for posetve k bom (5.7) "4.1 MeWhod:
i) I r on iH NR
k companson b a database spectrum

noompanson lo a reference spectrum of autentic co mn d 5.8 Aj" is data:
____ ___ ___ ___ ____ ___ ___ ___ ____ ___ ___ ___22 March 1993

"*5.9 Interprtaton

5.9.1 Assignment 5.9.2 chemicaJ
(,0, &2 O r,..r.erov 0o shift 593 Coupfing conrft

1 1.16 15.6 (P-H), doublet

5.10 Notes:

PE, 7DIX D D-43



Nuclear Magneltc Resonance Spectrometry S. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page ( I / I

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

5.1 IUPAC, CA or trNW nane of fhe iden•if•l omp, ounc: 5.2 weav s'uur• :

2-Diisopropylamincethanol

[(CH3 ) 2 CH] 2 N-CH 2 CH2 -OH
'5.3 CAS No: (5.A) "42 Spctu (5.5) -1.1 NMRt Sample

Scode: 1 2 3 4

96-80-0 N'fR - 5 SBI 5-B

"15.6 Otlrwn for postve idenfocatom: (5.7) "4.1 Method:

~i) nrprelaton 1H NMR
compranson lo a datbas. spectrum

ornpanson io a reference spectum of aulent~c compound 5.8 NAtý dab: 22 March 1993

"5.9 !:ntrpretaton

5.9.1 Assgnment 5.92 Chern'io
("* s.2 Me e 0 shrft 5.9.3 CGozg co=statn,"f) ppnil [Hz4

1 1.37 6.4 (H-H), doublet

2 3.78 6.4 (H-H), septet

3 3.1-3.4 Not observed due to peak overlap.

4 3.89 ca. 5.8, triplet

510 Nois:

AP__EN____ ____ _____ __ 4



Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4. 1993 page ( 1 /

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"5.1 IUPAC. CA. or twi nare of Via tdened compound: *52 MoieaAw strucWre:
tWA' r~ao t of sew,

3-Quinuclidinol 3 OH

2

7 4
*5.3 CAS No: (5.4) '42 Spectrum (5.5) 01.1 NMR sample

N

1619-34-7 NMR- 6 SB15-B 6

'5.6 Cieria for pos, identification: (5.7) "4.1 Metiod:
i Interpnetation H I

iQnoompanson lo a database spectnum
(•oompaanson o a reference spectrnm of authenic ompound 5.8 Analyw data: 22 March 1993

"5.9 Interpretation

5.9.1 Assignment 5.92 Chemical
("o 52. 1t roAr7rq al shf, 5.9.3 Couirig oonstants

"='J[pmJ] tHzJ

2a,b 3.07, 3.59

3 N.O. Not observed due to "ringing" artifacts

4 2.23 from large HDO resonance.

5a,b 1.85, 2.18

6a,b 3.30

7a,b 1.85, 2.04

8a,b 3.24

5.10 Nols:
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Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page( 1 I )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABFDEEN)

"*5.1 IUPAC. CA or UNW name of the oderifed oompound: *52 wbhoecui' struclur:
(%V Mr""b of

Benzilic Acid OH

- -OO

"*5.3 CAS No: (5.4) -42 Spectrum (5.5) *1.1 NMR sample
numer code:

76-93-7 NMR-6 SB15-B

"05.6 Citria for posv identf-ation: (5.7) "4.1 Mehod:1
i) intrpretaton IH NMR
_Lcompanson to a database spectrum
Q)ommpanson to a reference spectrum of authentic compound 5.8 Anatyss dab:

22 March 1993

"5.9 Interpreta1Uon

5.9.1 Assignment 5.92 ChemVcaiJ
ts 5.2 .1W tr•,rq Of shift 5.9.3 Coupfir, constants"won ) Ipm] ['Z]

All aromatic 7.38-7.45 Not determined.
protons

5.10 Notes:
Identification made based on the pattern observed for both the

standard solution and the unknown solution.
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Nuclear Magnetic Resonance Spectrometry 4. NMR Experiment
in the International Interlaboratory Comparison Test
Round-Robin 4. 1993 page ( 1 / I )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

'4.1 Melhod: 1H NMR 13C-(1 KNMR 19F NMR

(31P NMR other, descbe:

*42 Spectrrn number (4.3) "1.1 NMR sample (4.4) '2.1 NMR 4.5 Rxoodbing dai:
code: spectrombr:

NMR-7 SB15-B Varian VXR-400S 15 March 1993

"*4.6 Observation frequency *4.7 Sample reraperrare *4.8 Spectral wdl [H4z 4.9 Spectra width Ippm]:
[Wz. 161.903 rC: +22 Oc 40,000 247 ppm

Controled: YES _ _ _

"4.10 Obs. pUfSe angle '4.11 COs. pur•s dura:on 4.12 Pulse sequence nane: '4.13 Number of sans:
(degrees): (Ws):

560 7.3 S2PUL 31,552

"4.14 Repetition trne (s): 4.15 Toha aoquisition tirne: '4.16 Number od data 04.17 Number of data
points n FD: points in real part of

1.8 16 hrs 64,000 32,000

"4.18 Lock ondiborns: "4.19u0i, M and S/N: (4.20) '2.7.1 Probehead '4.21 Chemicai shift
_L"i .povided by solvent name: reference valu [ppm):
Uqxemnt wfflxl loc(k 28.5 Hz

in) ck system, of wne a 22.1 ppm
descrtb BB/Switchable 0.00

S/N. 5.6
ofOne as 22.1ppm

4.22 Ouantrefon

4.23 Notn:
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Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboralory Comparison Test
Round-Robin 4, 1993 page(1 / 1

Laboratory/Country: LABORATORY 15 / (ABERDEEN)

"05.1 IUPAC,, 7 o: W_ýUJ nane or tih idwrtifM co'rr : W5.2 ~Mo w sV'jebrem:

Methylphosphonic Acid 0
ICH OH

C 3-P '_.O.H PNOH

'5.3 CAS No: (5.4) "42 SpeCti (5.5) "1.1 NMR sampIe
nu~rkr•,• code:

993-13-5 NMR- 7 SB15-B

"05.6 Cta for posritv iertficm on: (5.7) ,4.1 W, od: 3 1 p NMR

.ý cipanson b a database spectrum
(j!corparison to a reference ,pectrum of autenc ompound 5.8 .A Js dat:____ ___ ____ ___ ____ ___ ____ ___ ____ ___ ___15 March 1993

"15.9 Interpretablon

5.9.1 Assignment 5.92 Che ,kal
-," S.2 bt nwr-Vd, shift 5.9.3 CouJq oonstants"*1'~) •,Pml I4zJ

22.1 Not determined.

5.10 Notbs:

0
1

CH 3 -p- doublet observed in the 1H NMR spectrum.
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Nuclear Magnetic Resonance Spectrometry 1. NMR Sample Preparation
in the International Interlaboratory Comparison Test
Round-Robin 4. 1993 page( 1 / 4 )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

NMR SAMPLE IDENTIFICATION

"1.1 NMR sample code: 1.2 Sample preparation data:SN 15-B 18 March 1993

SOLVENT

91.3 Name andj formu 1.4 *xrnut.ratcon degree of 1.5 Ma.lcturer

D20 N 99.9 atom % D MSD Isotopes

CHEMICAL SHIFT REFERENCE COMPOUND(S)

"1.6 For .1.7 Name andcor formuta -1.8 Type 1.9 Manu•ac•rr 1.10 Purity
n u le w 

1

31p Phosphoric Acid External Fisher Sci. Co. 85%

1.11 Preparation of chemical shift reference solution(s):

Reference used as received.

NMR TUBE

1.12 SeaJed by: 1.13 Outside diameter 1.14 Tube marouactnrer. 1.15 Fiftrabon metlod:
tIwlng and tube code: Q no Strabwon

Me mp+ Parafilm i tirough piee of cotbn
i•htieerr~ans, e 5-nmm Wilmad 507-PP

Ihuha sinlred glas
__ __ __. describe (see

1.10)

SAMPLE PREPARATION

.1.16 Spl prepaetion dletais:

See attached block diagram.

1.17 Noles
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Soil Sample Preparation
for NMR Analysis

Warm Sample

Homogenize Sample,
Weigh Out 10 g for

Extraction

I Extract w/ two 10 mL
Portions of CDCL3,

I Sonicate each 10 min

Centrifuge each for 10
min @ 2000 RPM, Decant

and Combine Liquids

Li;uid from CDC13 Solid from CDCI3
Extract Extract
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Soil Sample Preparation
for NMR Analysis

(Continued)

Liquid from CDC13
Extract

Dry w/ Anhydrous
Sodium Sulfate

Filter thru 0.45 pm
Disposable Filter

Concentrate to 1 mL
w/ Dry Nitrogen

Transfer to NMR Tube
for Analysis

APPENDIX D D-54
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Soil Sample Preparation
for NMR Analysis

(Continued)

Solid from CDCI3

Extract

EA/:Ia w/ two 10 mL
Po rjone of D20.

Son-cate each S min

Cenntrfuge each for 10
min @ 2000 RPM, Fitter

and Combone Liquids

Solid ILiquid

I T-
Add Two 10 mL porimons Concentrate to 1 mL

Of 0 SM CH3OHIKOH. Wf Dry Nitrogen
Sonicat. each 10 minw

Centinfuge each 3 min Transfer to NMR Tube*[ 2000 RPM. Oecant and

Combine Liquids for Analysis

Sample SN-15B

Dry w/ Anhydrous
Sodium Sulfate

Filter w/ 0.45 pm

Disposable Filter

Concenlrate to Oryne*a

wl C'y Notrogon. Take-

Up n I S mL C0300

Tran-fO=r to NMR Tube

for Analysis
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Nuclear Magnetic Resonance Spectrometry 2. NMR Instrumentation
in the International Interlaboraiory Comparison Test 3. Testing of Instrument Performance
Round-Robin 4, 1993 page( 1 / 1

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

NMR INSTRUMENTATION

"21 NMR spectob,)mr' 2.2 Speciro'ela n-itAncturW

Varian VXR-400S Varian Associates

Z* Prol fkNuecy 24 TanaI._ Wonvo unit 2.5 hsL 26 Spector8ebr operai&g ystem
(MHz]: 399.95 MHz NO jaw 1988 VNMRS 4.1B

28 CorrPLfr operaling system
.7 Probehead(s) SUNOS 4.1.2

"2.7.1 PmrbehM rname *2,72 Ob•servable nuci 2.7.3 2.9 NoWs

Broadband/switch- 1H, 1 9 F and 1 5 N 5-mm
able thru 31p

TESTING OF INSTRUMENT PERFORMANCE

'3.1 (32) "2.7.1 -3.3 Tedt "3.4 Test name, est sanjtie, and sarnp" 03.5 Res" n3.8
Ne Probeee C1 orgm (s Speck-

nawIon •qkaBB/swit. 2 Mar Sensitivity, 0.1% ethyl 130 100

1H BB/swit. 2 Mar 93 benzene/CDCl 3 (Varian) 130 100

Sensitivity, 0.05% CF 3 -C6 H519 F BB/swit. 2 Mar 93 in C6 D6  (Varian) 215 100
13 BB/swit. 2 Mar 93Sensitivity, 40% Dioxane, 165 120

_3C B/w. Ma9 60% C6 D6 (Varian) _____12

Sensitivity, 0.0485M Tri-
p BB/swit. 2 Mar 93 phenyl Phosphate/CDClI (VA) 167 100

Resolution,40% Dioxane,
C BB/swit. 16Dec92 60% C6 D6 (Varian) 0.15 0.2

3.7 no: S/N measurement used as criteria for instrument performance since
S/N specification will not be met unless resolution and pulse width are
within specifications.
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Nuclear Magnetic Resonance Spectrometry 4. NMR Experiment
in the International Interlaboratory Comparison Test
Round-Robin 4. 1993 page( I )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

04.1 Methoý. 1H NMR 13C-{IH1 NMR 19F NMR

31P NMR other, descrt.:

"42 Spectrum numbere. (4.3) *1.1 NMR sample (4.4) .2.1 NMR 4.5 Record&ng dati:
code: spectrometer,

NMR-8 SN15-B Varian VXR-400S 8 March 1993

"4.6 Observation frequency 14.7 Sample temperature .4.8 Spectral wxidh (Hz]: 4.9 Spect-aJ w-d (ppm]:
MHz]: 161.903 rc: +22 °C 40,000 247 ppm

Controlled: YES

"4.10 Obs. Vise angle '4.11 Obs. pulse dwation 4.12 Pulse sequence narme: "4.13 Number of scans:
(degrees): (m):

470 7.3 S2PUL 35424

"4.14 Repetb1n bme (s): 4.15 Total acquisiton time: 04.16 Nunrer od dal '4.17 Number of data
points in RD: points in real part of

1.8 18 hrs 64,000 spec 32,000

"4.18 Lock condrions: '4.19 %,ir) and SMN: (420) '2.7.1 Probehead "421 Cherical shift
'kc" provided by sohent name: referenc value Ippm]:
(D))smerur.t wfttc',A lock %K10- 50 Hz
iii oler lock system. ofrie at 22.4 ppm
desce. 5/1 BB/Switchable 0.00

of le .at 22.4 ppm_

422 QkantftIon

423 Notes:
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Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interiaboratory Comparison Test
Round-Robin 4. 1993 page( 1 /

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

*5.1 IUPAC, CA. or Mva nanv of the identified nozid: *52 Yla0eo.is s3tctucm:
two% -Pt-"~ W M

Methylphosphonic Acid 0
11 "OH

"*5.3 CAS No: (5.4) '42 Spectrum (5.5) -1.1 NMR sample CH3-P OH
number, code: I

993-13-5 NMR-8 SN15-B

*5.6 Crtena fr postwi ieobufcato• n (5.7) 4.1 Whod: 31p NMR

)companson to a database spectrum
(gomparison to a reference spectrum of authentic compound 5.8 Ani dam: 8 March 1993

*5.9 Interpretation

5.9.1 Assignment 5.9.2 Cthemrin
("e 5.2 %f •rvbrq o shiftS 5.9.3 Coing constants

"Ippml CHzl

22.5 Not determined.

5.10 Notes:

Resonance in phosphate region (delta 3.2 ppm) was observed
in the blank sample (SNB15-B) also.
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Nuclear Magnetic Resonance Spectrometry 1. NMR Sample Preparation
in the International Inteflaboratory Comparison Test
Round-Robin 4, 1993 page ( I / 4 )

Laboratory/Country: TABORATORY 15 / U.S.A. (ABERDEEN)

NMR SAMPLE IDENTIFICATION

01.1 NMR sample oode: 1.2 SaIiple preparaton dab:
SB15-C_ 9 March 1993

SOLVENT

"1.3 Name wx44r formula: 1.4 Deulteraon degree o 1.5 manufctur.

CD3 0D 0 99.8 atom %D Isotec, Inc.

CHEMICAL SHIFT REFERENCE COMPOUND(S)

"1.6 For '1.7 NarTe arndlor fOriuta *1.8 Type 1.9 Manufac•irer 1.10 P^rt
nucleus

1H Tetramethylsilane (TMS) Internal Norell Chem. Co. 99.5%

1.11 Preparabow of ctemical shift reference souton(s):

Reference compound used as received.

NMR TUBE

1.12 Sealed by- 1.13 Outside d'6tebr 1.14 Tube nanufacturer. 1.15 Filrawon method:
rne and tube code: 0 no faitrbon
Z! + Parafilm 5-mm ol gwough piece of cotfn

) 0 wmeans, descrbe Wilmad 507-PP ±o a

_Qpfto•r. aescn•_ (see

1.16)
SAMPLE PREPARATION

"1.16 Sanple priparaton detuls:

See attached block diagram.

1.17 Nots
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Soil Sample Preparation
for NMR Analysis

Warm Sample

Homogenize Sample,
Weigh Out 10 g for

Extraction

Extract w/ two 10 m L

Portions of CDCL3,
Sonicate each 10 min

Centrifuge each for 10

min @ 2000 RPM, Decant
and Combine Liquids

Liquid from CDCI3 Solid from CDCI3

Extract Extract
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Soil Sample Preparation
for NMR Analysis

(Continued)

Liquid from CDC13
Extract

Dry w/ Anhydrous
Sodium Sulfate

Filter thru 0.45 pm
Disposable Filter

Concentrate to 1 mL
w/ Dry Nitrogen

Transfer to NMR Tube

for Analysis
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Soil Sample Preparation
for NMR Analysis

(Continued)
J Solid from CDC13

Extract

Extract w/ two 10 mL

Portions of 020,

Sonicate each S mm

Centrifuge each for 10

mrin 2000 RPM, Filter

and Combine Liquids

Fi

Solid Linuid

Add Two 10 mL portions 1 Concentrate to I mL
of O.SM CH3OHIKOH.wD Nitrogen
Sonicate each 10 min w/ Dry

Centrifuge each 3 mm 1 Transfer to NMR Tube
* 2000 RPM. Decant and for Analysis

Combine Liquids 
f

[ Dry w/ Anhydrous

Sodium Sulfate

Filter w/ 0.45 pm ]
Disposable Filter

w/ Dry Nitrogen, Take-
Up in 1.S ML C0300

Transfer to NMR Tube*
for Analysis

Sample SB15-C
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Nuclear Magnetic Resonance Spectrometry 2. NMR Instrumentation
In the International Intedaboralory Comparison Test 3. Testing of Instrument Performance
Round-Robin 4, 1993 page( 1 1 )

Laboratory/Counn:.y LABORATORY 15 / U.S.A. (ABERDEEN)

NMR INSTRUMENTATION

"2.1 NMR speciromtk: 2.2 Spectumab nWUA&CUWe

Varian VXR-400S Varian Associates

2.3* Proton frequency 2.4 Telrpwajrvu €onto unit 2.5 "tall 2.6 Spectrmetr operam*V sysmrn:
IMHZP 399.95 MHz p•rse ( NO Yew. 1988 VNMRS 4.18

2.8 C,'puMr opermv sy•s"
"27 Probehead(s) SUNOS 4.1.2

'2.7.1 Pmbehoeed name '2.72 Observable nuLd 6'7.3 Z9 Nobs:

Broadband/switch- 1H, 19 F and 1 5N 5-mm
able thru 31p

TESTING OF INSTRUMENT PERFORMANCE

3.1 (3.2) "2.7.1 '3.3 Test 03.4 Test nanw, lest saffilp,, and sanrTls o35 Re"t '3,6
Nu_ P(obehS$ldoab do( a Specikc-

W 11on vawk

Sensitivity, 0.1% ethyl 130'H BB/swit. 2 Mar 93 benzene/CDCl 3 (Varian) 130_i00

Sensitivity, 0.05% CF3-C6H51 9 F BB/swit. 2 Mar 93 in C6 DA (Varian) 215 100

13 BBwt 2Mar93Sensitivity, 40% Dioxane, 165 120C BB/swit. 2 Mar 93 60% C6 D6 (Varian)

Sensitivity, 0.0485M Tri-p BB/swit. 2 Mar 93 phenyl Phosphate/CDCl3 (VA) 167 100

Resolution,40% Dioxane,13_ C BB/swit. 16 Dec 92 60% C6 D6 (Varian) 0.15 -0.2

37Nols: S/N measurement used as criteria for instrument performance zince
S/N specification will not be met unless resolution and pulse width are
within specifications.
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Nuclear Magnetic Resonance Spectrometry 4. NMR Experiment
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page( 1 /

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

'4.1 Melhod: 13C-(I-) NMR 1SF NMR

31Pi-, KNMR 31P NMR other, descrne:

*4.2 Spectn.-n number (4.3) 11.1 NAR sample (4.4) -21 NMR 4.5 Recording dal:
code: spectiomn'er

NWIR-9 SB15-C Varian VXR-400S 9 March 1993

'4.6 Observation frequency '4.7 Sample treperature 4.8 Spect;al wit NJz: 4.9 SpectraJ wdh •p'n)]:(MHz]: Fl399.952 +22 0C 8000 20 ppmC o n r ol e d : Y E S ( & 0 -

"*4.10 Obs. puLse angle '4.11 Obs. pulse duraton 4.12 PUs. sequence name: '4.13 Numiber of scrns:
(degrees): M):

120 4.0 S2PUL 320

"4.14 Repetition time (s): 4.15 Tot acquisiton Ume: "4.16 Number od data '4.17 Nurmbe of data
points in RD: points in real part of

spectrumn
5.0 27 min 32,000 16,000

"4.18 Lock conditions: '4.19 %m and S/N: (420) 62.7.1 Probehead '421 Cheem•ca shift
(Dock provided by sohent name: referenc value lIp:lJ:

) expen•nent wdtioulock %K'IO= 1.1 Hz
i) other lock system, of In. at 6.32 PPMdesenbe BB/Switchable 0.00

SWN4 3.6
of ink 7.32 ppr _

4.22 Ouanrttafon

423 Notes:
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Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interiaboratory Comparison Test
Round-Robin 4. 1993 page( 1 I )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

*5.1 IUPAC, CA. or Iw name of the Kientifed oomornd:x: -5.2 MoieoJ 3tcure:•:

2 1 OH
Benzilic Acid / I

3 C-COOH

*5.3 CAS No: (5.4) '42 Spectum (5.5) -1.1 NMR sa••ie
number. code:

76-93-7 MkIRR- 9 SB15-C 3

-5.6 jrfptrnia f por ld ien• kabon: (5.7) -4.1 Mehtod 1
i) inepeainH NXRFrpanson bo a database specbrum
" mrnison io a reference spectrum of aulhentc compound 58 Ayss dam: 9 March 1993

"5.9 interpretaton

5.9.1 Assignment 5.9.2 Chemicaw
(i,. S-2 b ,,i,',erwq of shft 5.9.3 CouprN oolnshvt
War, (ppm] M-z

1 7.53 "Doublet"; 2 protons.
2 7.32 "Triplet"; 2 protons.

3 7.26 "Triplet"; 1 proton.

5.10 Notes: Spectrum not first order; no coupling constants determined.
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Nuclear Magnetic Resonance Spectiometry 1. NMR Sample Preparation
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page( I / 4

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

NMR SAMPLIF IDENTIFICATION

*1. M a ~ ec d : SN 15-C T ; ; ý epe aa o a : 9 March 1993

SOLVENT

"1.3 Names andor fomxa& 1.4 Oeutrabon degree or 1.5 Manufacturer.

CD30D J 99.8 atom 'oD Isotec, Tnc.

CHEMICAL SHIFT REFERENCE COMPOUND(S)

"1.6 For "1.7 Name amd/or ofomAua "1.8 Typo 1.9 Manufacturer 1.10 Purt
nuces"

1H Tetramethylsilane (TMS) Internal Norell Chem. Co. 99.5%

1,11 Preparation of chernical shifl reference solution(s):

Reference compound used as received.

NMR TUBE

1.12 SeaJed by'. 1.13 Outsode diariebr 1.14 Tube mnanufactmer, 1.15 Filtration mrotod:
i) rnlng And tube code: i) no ralbon

(Secap + Parafilm 5-rmm ) through peec of coton
=) oh. enear, descrbe Wilmad 507-PP

i hrough a switerd glas.
oI . dOcrbe ( see

SAMPLE PREPARATION

'1.16 Swane preparabon detab:

See attached block diagram.

1.17 Nots
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Soil Sample Preparation
for NMR Analysis

Warm Sample

Homogenize Sample,
Weigh Out 10 g for

Extraction

Extract w/ two 10 mL
Portions of CDCL3,

Sonicate each 10 min

Centrifuge each for 10
min @ 2000 RPM, Decant

and Combine Liquids

Liquid from CDCI3 Solid from CDCI3
Extract Extract
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Soil Sample Preparation
for NMR Analysis

(Continued)

Liquid from CDC13
Extract

Dry w/ Anhydrous
Sodium Sulfate

Filter thru 0.45 pm
Disposable Filter

Concentrate to 1 mL
w/ Dry Nitrogen

Transfer to NMR Tube

for Analysis
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Soil Sample Preparation
for NMR Analysis

(Continued)
i ~ Solid from CDC13

Extract

Extract w/ two 10 mL

Portioni oE 0o0.
Sonicate each 5 mmI

Cent~~~~iCetriug each 3o m10 Tanfrt NRTb

mi 2@ 2000 RPM, Filter

and Combine Liquids

Soid Lqi

AdCTo 10nt.prati ornbsCocnrtto1m

of D.SM CH3NHiKOH. ae 1
Sonicate eac 1 m0 inDy 

i

II

Cnrfgeah3mn Transfer to NMR Tube

0 2000 RPM, Decant a ndo na y i

Combine Liquids

I Dry w/ Anhydrous

Sodium Sulfate

Disposable Filter

wE Dry Nitrogen, Take-
Up in 1.5 mL CD300

S~Transfer to NMR Tube

for Analysis

Sample SN15-C
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Nuclear Magnetic Resonance Spectro.etry 2.7NMR-istlrumenationr
in the International Interlaboralory Comparlson Test 3. TestIng of Instrument Performance
Round-Robin 4, 1993 page( 1 1

Laboralory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

NMR INSTRUMENTATION

"2.1 NMR sveckmar. 2.2 Spectodiube rnWWAkcKW

Varian VXR-400S Varian Associates

2.37 Proton hquency 2.4 Ternp.rumr contol unit 2.5 Instl. 2.6 spctromr opemta' systern:
399.95 MHz ye 1988 VNMRS 4.1B

28 Conw r opeatng system
"2-7 Probehe&(s) SUNOS 4.1.2

"2.7.1 Probehowl naae "2.72 Obserea) nuci 6,.7.3 2.9 Nobs:

Broadband/switch- 1H, 19 F and 1 5 N 5-mm
able thru31

TESTING OF INSTRUMENT PERFORMANCE
W'll (32) '?.7.1 03. Test "3.4 Test name. lost sample. and saMOIO *3.5 ResAul *3.6
"NMs Pr W dab origin (sA . Spemax-

narne f1on Va•A

Sensitivity, 0.1% ethyl
H BB/swit. 2 Mar 93 benzene/CDCl 3 (Varian) 130 100

Sensitivity, 0.05% CF 3 -C6 H519 F BB/swit. 2 Mar 93 in C6 D6  (Varian) 215 100

13 C BB/swit. 2 Mar 93 Sensitivity, 40% Dioxane, 165 120
13C B/wt 2Mr360% C6D6 (Varian) __165_ 12

Sensitivity, 0.0485M Tri-
p BB/swit. 2 Mar 93 phenyl Phosphate/CDC13 (VA) 167 100

Resolution,40% Dioxane,
13C BB/swit. 16 Dec 92 60% C6 D6 (Varian) 0.15 0.2

17 Notes: S/N measurement used as criteria for instrument performance since
S/N specification will not be met unless resolution and pulse width are
within specifications.
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Nuclear Magnetic Resonance Spectrometry 4. NMR Experiment
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page( 1 I 1 )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

'4.1 Melhod: 13C-(1HK NMR 19F NMR

31P-{1H) NMR 31P NMR other. describe:

*4.2 Spectumnrnsbnter, (4.3) 1.1 NMR sample (4.4) '2.1 NMR 4.5 Recording das:
code: spectrometr.

NMR-1O SN15-C Varian VXR-400S 11 March 1993

*4.6 Observation frequency *4.7 Sample l1mpebature '4.8 SpectrlJ width [Hz): 4.9 Spectml wvidi IppmI:
399.952 L + 22 8000 20 ppmConroie: YES ý••

"4.10 Obs. puLse angle *4.11 Obs. pulse duration 4.12 Pu(s sequence name: '4.13 Numrber of scans:
(degrees): (us):

120 4.0 S2PUL 816

"4.14 Repetbtbon tbme (s): 4.15 Total aquision timre: '4.16 Number od data '4.17 Nunber of data
points in FD: points In real part of

specbum:
4.0 55 min 48,000 24,000

24,000

"4.18 Lockd condfidons: '4.19 %X4 and S/N: (420) 02.7.1 Probehead '4.21 Chemical shift
t) provided by solvent name: refereno value Bpmn]:
i e.A>dmentvt ifo lIock x 1.1 Hz
ii other lock system. of frm at 6.45 ppm
describe sm. 6.4 BB/Switchable 0.00

Of__ _ _ at 7.32 PPm

422 Qientfttion

423 Notes:
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Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page( I I 1

I

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"*5.1 IUPAC. CA, or r" name of 1he weried comrponund: 5.2 Molacue strucuJre:

2 1 OHBenzilic Acid I
3 C-COOH

.5.3 CAS No: (5.4) 4.2 Spectrum (5.5) -1.1 NMRsauple -ri 2
nu,•br code: 2

76-93-7 NMR- 10 SN1 5-C 3

*5.'6 ' q •aoCr •e a fo pos ver idantfcation: (5.7) "4.1 MW hod: H H
Q) Inepeto 1H NMR
a.comparison lo a databas spectrum

(o rriann lo a n ererence spectrum of autenUc compouN 5.8 Ar" da19:
11 March 1993

"05.9 Interpnetabw

5.9.1 Assignment 5.92 COemncaf
(9" 5.2 %t nrnbrq at Shift 5.9.3 Coupfling constants

1 7.53 "Doublet"; 2 protons.

2 7.32 "Triplet"; 2 protons.

3 7.25 "Triplet"; I proton.

5.10 Notes:

Spectrum not first order; no coupling constants determined.
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Nuclear Magnetic Resonance Spectrometry 1. NMR Sample Preparation
in the International Interlaboratory Comparison Test
Round-Robin 4,1993 page( 1 / 4 )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

NMR SAMPLE IDENTIFICATION

"e1.1 NMR sample code: I 2Sample prparation da.:
_,, SA15-B 1 8 March 1993

SOLVENT

*1 .3 Nam andfor fo*xma. 1.4 Deuteraion degree or 1.5 Manufacurer.
D 20 j 99.9 atom % D MSD Isotopes

CHEMICAL SHIFT REFERENCE COMPOUND(S)

"*1.6 For 01.7 Name and4or formula -1.8 Type 1.9 Manufaclurer 1.10 Purty
nucl3eu

p Phosphoric Acid External Fisher Sci. Co. 857

1.11 Prepaation of chemicaJ shift reference solution(s):

Referent-e used as recci'.':cd.

NMR TUBE

1.12 Sealed by: 1.13 Outside d'ameler. 1.14 Tube manufacturer, 1.15 Fi'tation tripod:

o)metiganLed bb od: i) no tio
(1>cap + Parafilm 5-mm i) through piece of cotlon
wi ol means. descnbe Wilmad 507-PP Wad

6) 1irough a sintered glass
iv) ohr. describe (see

1.16)
SAMPLE PREPARATION

•1 .16 Sample preparation detafs:

See attached block diagram.

1.17 Woils
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Soil Sample Preparation
for NMR Analysis

Warm Sample

Homogenize Sample,
Weigh Out 10 g for

Extraction

Extract w/ two 10 mL
Portions of CDCL3,

Sonicate each 10 min

Centrifuge each for 10
min @ 2000 RPM, Decant

and Combine Liquids

F
Liquid from CDCI3 Solid from CDCI3

Extract Extract
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Soil Sample Preparation
for NMR Analysis

(Continued)

Liquid from CDC13
Extract

Dry w/ Anhydrous
Sodium Sulfate

Filter thru 0.45 pm
Disposable Filter

Concentrate to 1 mL
w/ Dry Nitrogen

Transfer to NMR Tube

for Analysis
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Soil Sample Preparation
for NMR Analysis

(Continued)

Solid from CDC13
Extract

E~xtr, w/ two 10 mL
Portions of 020.

Sonicale each S mm

nCentrieuhe each Toa 10
ain @ 2000 RPM, Filter
and Combine dquidA

Ad To 1 t to,,° Cocnrt to 11
of 0,SM CH30H/KOH, w/ Dry Nitrogen
Sonicale eachto m0rin

0 2 0 00 RP M , De cant anid f r A n a l,,s is
Combine Liquids

I Sample SA15-B

[ Dry wI Anhydrous

II
Sodium Sulfate

Disposable Filter

w/ Dry Nitrogen, Take.

Up in 1 5 mL C0300

Transfer to NMR Tube

for Analysis
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Nuclear Magnetic Resonance Spectrometry 2. NMR Instrumentation
In the International Intedaboratory Comrparison Test 3. Testing of Instrument Performance
Round-Robin 4. 1993 page( Il 1 )

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

NMR INSTRUMENTATION

2.1 NMR speednoeer. 2.2 Spe"turcebr nnUjkCWxe

Varian VXR-400S Varian Associates

2.3 Protn f*quency 2.4 Ternprate oont unit 2.5 Instl 2.6 Spectwneir opemratg system:

(MI44 399.95 M1-z prn 5U) NO O 1988 1NMRS 4.1B

P2- CorMt operaung system:"2.7 Probehsml(s) SUNOS 4.1.2

"02.7.1 Probehlead nane "2.72 CObservble nuclei &7.3 2-9 Nobsc

Broadband/switch- lH, 19 F and 15N 5-mm
able thru 31p

""TESTiNG OF INSTRUMENT PERFORMANCE

"3.1 (3.2) 2.7.1 '3.3 Test *3.4 Test name, iest sarTnp*g and sampmi "3.5 RewiA "3.6
NfUj5W -. daft (so, (W Speaf,€a.

Sensitivity, 0.1% ethyl
H BB/swit. 2 Mar 93 benzene/CDCl 3 (Varian) 130 100

Sensitivity, 0.05% CF3-C6H5
19F BB/swit. 2 Mar 93 in C6D6 (Varian) 215 100

13 BB/swit. 2 Mar 93 Sensitivity, 40% Dioxane, 165 120
60% C6 D6 (Varian) 165 120

Sensitivity, 0.0485M Tri-p BB/swit. 2 Mar 93 phenyl Phosphate/CDCl 3 (VA) 167 1_00

Resolution,40% Dioxane,
C BB/swit. 16Dec92 60% C6D6 (Varian) 0.15 40.2

3.7Nutes: S/N measurement used as criteria for instrument performance since
S/N specification will not be met unless resolution and pulse width are
within specifications.
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Nuclear Magnetic Resonance Spectrometry 4. NMR Experiment
in the International Interlaboratory Comparison Test
Round-Robin 4, 1993 page( I i

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"4.1 WMthod: IH NMR 13C-11H} NMR 19F NMA

N 31P NMR otw. descrbe:

*4,2 Spectian number (4.3) "1.1 NMR sample (4.4) '2.1 NMR 4.5 Reconrdg dam:
code: spectrrnwrl.

N,,IR-11 SA15-B Varian VXR-400S 19 March 1993

"4.6 Observaton frequency "4.7 Sampl ler•oferalJr '4.8 Spectral WiM rr-z): 4.9 SpectW wit Ipprpn]:

[M H z ]: 1+ 2 2 O C

161.903 Contoled: YES / NO 40,000 247 ppm

"4.10 Obs. pulse angle *4.11 1hs. puse durabon 4.12 PUse sequence nrrw: '4.13 Nutw of scam':
(degrees): 4.n):

470 7.3 S2PUL 126,544

"4 14 Repettion U•n- (s). 4.15 Toi acqwAsrbon mrre: "4.16 Number od dala '4.17 Nu.rrtew of data
pout in FID: points in real pa of

1.8 63.5 hrs 64,000 32,000

"4.18 Lock oondibons: "4.19,u"1 rand SMN: (420) 2.7.1 Probete "421 Ohefc:ai shdt
Q lock provide by solvent name: reference value [ppd4
exoenmierd wahw lock u(,,- 550 Hz

m] oler lock sysm, of tbe at 24.9 B w a0
describe BB/Switchabie 0.00

S/N. 3.4/1
ofmInea 24.9 ppm

422 CQjantton

423 Nobs:
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Nuclear Magnetic Resonance Spectrometry 5. Analysis Results
in the International Interlaboratory Comparison Test
Round-Robin 4. 1993 page( 1 /

Laboratory/Country: LABORATORY 15 / U.S.A. (ABERDEEN)

"5.1 IUPAC, CA, V natme of via idenbtd oompour*d: 5-2 Molaeo.uj• sticra:

Methylphosphonic Acid 0

'" OH

'5.3 GAS No: (5.4) "42 Spectimk (5.5) '1.1 NMR Sa.rrMp 1
number. code:

993-13-5 NMR- 11 SA15-B

'5.6 CQiena fbr poasrtva idecfkia•,n: (5.7) *4.1 We@od: 31
Q Vfrpre=tmn P p MR
&oorr'anson io a database specvtitan

( trrvanson bt a reference spectrum of autient compound 5.8 Malys• s dat:____________________________________________19 March 1993

"t5.9 Inr•ernetabon

5.9.1 Assignment 5.92 Chermica
ts. 5 2 kw n r shrfb 59.3 Coupling constants

1 24.9 Not determined.

5.10Nots: The resonance In the phosphate region (delta 1.1 ppm) was observed
in the blank sample (SAB15-B) also.

Since all samples are spiked with the samle compoundss, t he pre-,nc e c,
methylphosphonic acid in this sample is confirmed by the re.:.iou•
observed in the C-P region of the spectrum.
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APPENDIX E

GC/MS METHODS AND MASS SPECTRA

Table E-1. GC/MS Operating Parameters

MS INSTRUMENTATION AND OPERATING CONDItiONS

Instrument; MS Type: HP-MSD 5750 SQ (MS1)
Finnigan ITD 40 Ion Trap (MS2, MS4)
Finnigan 5100 SQ (MS3)

Operating Parameters: Operating Conditions in MS modes:
MS1 MS2 MS3 MS4

EILRMS EILRMS CILRMS CILRMS

GC Parameters (see App F) GC1 GC2 GC3, GC7 GC2

Source temperature ("C) 200 220 120 220

CI source pressure (Torr) 0.5 12

Electron energy (eV) 70 AGC' 70 ARC2

Emission current (mA) 0.3 0.1 0.5 0.1

Scan range (m/z) 35-450 38-650 60-450 80-400

Scan time (s) 0.6 1.0 1.0 1.0

Reaction Gas Methane Methane

Automatic Gain Control 2 Automatic Reaction Control

Table E-2. Scheduled Compounds Detected By GC/MS

Identified Compounds Identification Criteria
Peak Number and Name (Derivatives/References)

EI CI (CH4 )

WATER SAMPLE W-15

1 Methylphosphonic Acid C/D C/E

2 2-Diisopropylaminoethanol A/D, C/D A/E, C/D

3 3-Quinuclidinol C/D C/D

4 Benzilic Acid B/D, C/D B/D, C/D

E-1



Table E-2. Scheduled Compounds Detected By GC/MS

Identified Compounds Identification Criteria
Peak Number and Name (Derivatives/References)

EI CI (CH4 )

WATER SAMPLE KEW-14

1 Methylphosphonic Acid C/E

2 2-Diisopropylaminoethanol A/D A/D, C/E

3 3-Quinuclidinol C/D C/D

4 Benzilic Acid B/D, C/D B/D, C/E

CARTRIDGE SAMPLE K-15

2 2-Diisopropylaminoethanol -_A/D

3 3-Quinuclidinol C/E

4 Benzilic Acid - B/D

SOIL SAMPLE SA-15

1 Methylphosphonic Acid C/E

2 2-Diisopropylaminoethanol C/D C/E

3 3 Quinuclidinol C/E

4 Benzilic Acid C/D C/E

SOIL SAMPLE SB-15

1 Methylphosphonic Acid B/E

2 2-Diisopropylaminoethanol A/E, C/E

3 3-Quinuclidinol C/D C/D

4 Benzilic Acid B/D, C/D B/D, C/D

SOIL SAMPLE SN-15

1 Methylphosphonic Acid B/D, C/D B/D, C/D

2 2-Diisopropylaminoethanol A/D A/D, C/E

3 3-Quinuclidinol C/D C/D

4 Benzilic Acid B/D, C/D B/D

)erivative Code: Reference Code:
A Identified as Original Compound D Full Scan Compared With Authentic Retcrcnce Compound

H Identified as Mcthyl Ester iF SIM Only Compared With Authentic Reference Compound

C Identified as IMS I)erivative

APPENDIX E E-2



,79 94
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APPENDIX.F

GAS CHROMATOGRAPHY METHODS AND CHROMATOGRAMS

Table F-i. GC METHOD No 1

Instrument: Hewlett-Packard 5890 COLUMN

Detector: MS (HP 5970 MSD) Phase: DB-5

Manufacturer: Restek

GC CONDITIONS Length: 30 m

Carrier gas: Helium Inner diameter: 0.25 mm

Carrier flow: 0.8 mL/min Film thickness: 0.25 ,m

Injection mode: Splitless, 60s

Temp. program: 60 T (3 min) , 10 °C/min, 280 )C (1 min)

Sample type analyzed: All Organic Extractions

Table F-2. GC METHOD No 2

Instrument: Perkin-Elmer 8500 COLUMN

Detector: ITD 40 Ion Trap Phase: RT,-5

Manufacturer: Restek

GC CONDITIONS Length: 30 m

Carrier gas: Helium Inner diameter: 0.25 mm

Carrier flow: 2 mL/min Film thickness: 1.0 um

Injection mode: Split/Splitless

Temp. program: 60 TC (5 min) , 10 "C/min, 250 'C (10 min)

Sample type analyzed: All Organic Extractions
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Table F-3. GC METHOD No 3

Instrument: Finnigan 9610 ICOLUMN

Detector: MS (Finnigan 5100) Phase: DR-1701

Manufacturer: J&W Scientific

GC CONDITIONS Length: 15 m

Carrier gas: Helium Inner diameter: 0.25 mm

Carrier flow: 1 mL/min Film thickness: 0.25 4m

Injection mode: Split/Splitless

Temp. program: 60 "C (1 min) , 10 "C/min, 280 "C (10 min)

Sample type analyzed: All Organic Extractions

Table F-4. GC METHOD No 4

Instrument: Hewlertr Packard 5880 COLUMN

Detector: Flame Ionization Phase: RT,-5

Manufacturer: Restek

GC CONDITIONS Length: 30 m

Carrier gas: Helium Inner diameter: 0.53 mm

Carrier flow: 10 mL/min Film thickness: 1.0 4m

Injection mode: 'V' .

Temp. program: 60 "C (3 min), 10 'C/min, 250 "C (5 min)

Sample type analyzed: All Organic Extractions
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Table F-5. GC METHOD No 5

Instrument: Varian 6000 COLUMN

Detector: FPD (P-Mode) Phase: RT,-35

Manufacturer: Restek

GC CONDITIONS Length: 3 0 m

Carrier gas: Helium Inner diameter: 0.53 mm

Carrier flow: 10 mL/min Film thickness: 1.0 Am

injection mode: On Column

Temp. program: 60 "C (3 min), 10 "C/min, 250 "C (5 min)

Sample type analyzed: All Organic Extractions

Tanle F-6. GC METHOD No 6

Instrument: Perkin-Elmer 8500 COLUMN

Detector: FPD (S-Mode) Phase: RT,-5

Manufacturer: Restek

GC CONDITIONS Length: 30 m

Carrier gas: Helium Inner diameter: 0.53 m

Carrier flow: 10 mL/min Film thickness: 1.0 4m

Injection mode: On Column

Temp. program: 60 T'C (3 min) , 10 "C/min, 250 "C (5 min)

Sample type analyzed: All Organic Extractions
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Table F-7. GC METHOD No 7

Instrument: Finnigan 9610 COLUMN

Detector: MS (Finnigan 5100) Phase: AT-5

Manufacturer: Alltech

GC CONDITIONS Length: 25 m

Carrier gas: Helium Inner diameter: 0.25 mm

Carrier flow: 1 mL/min Film thickness: 0.20 Am

Injection mode: Splitless, 15s___

Temp. program: 40 "C (1 min) , 10 "C/min, 280 "C (10 min)

Sample type analyzed: All Organic Extractions
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Figure F-I. GC Chromatograms of a) FID Test Mix, solution of
0.033% (W/W) Each of n-Tetradecane, n-Pentadecane,
n-Hexadecane in Hexane (Method GC4) and b) FPD Test
Mix), 1 PPM Tributyl Phosphate (Method GC5)
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Figure F-2. a) GC/MSD/EI (Method GCI/MSI) and b) GC/MS/CI (Method
GC3/MS3) Chromatograms of Test Mix Containing 20 PPM
Each of Trimethyl Phosphate (A), 2,6-Dimethylphenol
(B) , 5-Chloro-2-methylaniline (C) , Tributyl Phosphate
(D), Dibenzothiophene (E) and Methyl Stearate (F).
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Figure F-3. a) GC/ITD/EI (Method GC2/MS2) and b) GC/MS/CI (Method
GC3/MS3) Chromatograms of TMS Derivative of Authentic
Standard Containing 50 PPM Each of MPA (1), DIAE (2),
3-Q (3) , BA (4) and Internal Standard Dibenzothiophene
(IS) in Methanol.
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Figure F-4. GC/MSD/EI (Method GCl/MSI) Chromatogram of TMS Deri-
vative of Authentic Standard Containing 50 PPM Each
of MPA (1), DIAE (2), 3Q (3), BA (4) and DBT (IS).

Figure F-5. GC/FID (Method GC4) Chromatogram of Methyl Deriva-
tive of Authentic Standard Containing 50 PPM Each of

MPA (1), DIAE (2), 3Q (3), BA (4) and DBT (IS).
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Figure F-6. a) GC/MSD/EI (Method GC1/MS1) and b) GC/MS/CI/SIM
(Method GC3/MS3) Chromatograms of Methyl Derivative
of Authentic Standard Containing 50 PPM Each of MPA

(1), DIAE (2), 3-Q (3), BA (4) and DBT (IS).
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Figure F-7. a) GC/FID (Method GC4) and b) GC/ITD/EI (Method
GC2/MS2) Chromatograms of Methyl Derivative
of Authentic Standard Containing 50 PPM Each of
MPA (1) , DIAE (2) , 3-Q (3) , BA (4) and DBT (IS).
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Figure F-8. a) GC/MS/EI (Method GC1/MS1) and b) GC/MS/CI/SIM
(Method GC3/MS3) Chromatograms of Water Sample W-15
(1 mL, Acidified, TMS Derivative) Peak Numbers are
Identified in Table 2.
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Figure F-9. a) GC/ITD/EI (Method GC2/MS2) and b) GC/MS/CI/SIM
(Method GC3/MS3) Chromatograms of NMR Water Sample
W-15C (TMS Derivative). Peak Numbers are Identified
in Table 2.
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Figure F-10. GC/ITD/EI (Method GC2/MS2) Chromatograms of Water
Sample W-15 Neutral Extract (W-15B*) and b) Water
Blank WB-15 Neutral Extract (WB-15B*), Methyl
Derivative. Peak Numbers are Identified in Table 2.
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Figure F-12. GC/FID (Method GC4) Chromatograms of Water SaT,iple
W-15 Basic Extract (W-15D*) and b) Water Blank
WB-15 Basic Extract (WB-15D*), Methyl Deriva-
tive. Peak Numbers arp Tdentified in Table 2.
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Figure F-13. GC/MS/CI/SIM (Method GC3/MS3) Chromatograms of Water
Sample W-15 a) Neutral Extract B* (Methylated),
b) Acidic Extract C* (Methylated), c) Basic Extract
C* (Methylated) and d) Residue E* (TMS Derivative).
Peak Numbers are Identified in Table 2.
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Figure P-14. a) GC/ITD/EI (Method GC2/MS2) and b) GC/MS/CI/'SIM
(Method GC3/MS3) Chromatograms of NMR Water Sample
KEW-14C, TMS Derivative. Peak Numbers are
Identified in Table 2.
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Figure F-15. GC/MS/CI/SIM (Method GC3/MS3) Chromatogram of Water/
Methanol Extract of Soil Sample SA-15 (1.5 mL), TMS
Derivative. Peak Numbers are Identified in Table 2.
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'igure F-17. GC/MS/CI a) Full Scan (Method GC7/MS3) and b) SIM
(Method GC3/MS3) Chromatograms of Water Extract
SB-15C* of Soil Sample SB-15, TMS Derivative.
Peak Numbers are Identified in Table 2.
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Figure F-18. GC/MSD/EI (Method GCI/MSI) and b) GC/MS/CI/SIM(Method GC3/MS3) Chromatograms of Water ExtractSB-15C* of Soil Sample SB-15, Methyl Derivative.Peak Numbers are Identified in Table 2.

APPENDIX F F-20



is a

TOT,

4

499 on 1202
6:41 13:21 29:91 26:41 33:21

is b

4BO 89 1299 1690 2088
6:59 13:58 21:99 28:19 35:28

Figure F-19. GC/ITD a) EI (Method GC2/MS2) and b) CI (Method
GC2/MS4) Chromatograms of Water Extract SN-15C* of
Soil Sample SN-15, Methyl Derivative. Peak Numbers
are Identified in Table 2.
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Figure F-20. GC/MS/CI/SIM (Method GC3/MS3) Chromatogram of Water
Extract SN-15C* of Soil Sample SN-15, Methyl Deriva-
tive. Peak Numbers are Identified in Table 2.
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Extract SN-15C* of Soil Sample SN-15, TMS Deriva-
tive. Peak Numbers are Identified in Table 2.
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Figure F-22. GC/MS/CI (Method GC3/MS3) a) Full Scan and b) SIM
Chromatograms of Water Extract SN-15C* of Soil Sample
SN-15, TMS Derivative. Peak Numbers are Identified
in Table 2.
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APPENDIX G

ION CHROMATOGRAPHY METHODS AND CHROMATOGRAMS

Table G-1. Ion Chromatography Method No 1

Instrument: DX-300 (Microbore) COLUMN: HPlC-AS4A-SC

Detector: Conductivity(10 MSFS) Manufacturer: DIONEX

HPLC CONDITIONS Length: 250 mm

ELuent: 0.75 mM NaHCOJi2.2 mM Inner diameter: 2 mm
NaCO, Buffer

Eluent flow: 0.5 mL/min

Injection volume: 25 AL

Sample type analyzed: Natural waters and aqueous soil extracts
for methylphosphonic acid, ethyl methyl-
phosphonic acid, isopropyl methylphos-
phonic acid, pinacolyl methylphosphonic
acid and benzilic acid.

Table G-2. Ion Chromatography Method No 2

Instrument: DX-300 (Microbore) COLUMN: HP1CE-AS1

Detector: UV (210nM) (0.05 AUFS) Manufacturer: DIONEX
PAD(Pt) El(0.3V) (60mS),

E2(1.25V) (60mS), Length: 250 mm
E3 (-0.10V) (240mS)

HPLC CONDITIONS Inner Diameter: 9 mm

ELuent: 100 mM Perchloric Acid

Eluent flow: 1.0 mL/min

Injection volume: 200 AL

Sample type analyzed: Natural waters and aqueous soil extracts
for thiodiglycol, thiodiglycol sulfoxide
and thiodiglycol sulfone.
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Figure G-1. Ion Chromatograms of Water Samples WB-15, W-15 and
KEW-14 (Method LCI)
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Figure G-2. Ion Chromatograms of Water Extracts of Soil Samples
SAB-15 and SA-15 (Method LCl)
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Figure G-3. Ion Chromatograms of Water Extracts of Soil Samples
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1.0 Project Description

The objective of the international treaty verification round
robin exercises is to unambiguously identify CW agents, their
degradation products, and other scheduled compounds in complex
matrices. The purpose of the program is to evaluate existing
recommended procedures and to further develop analytical procedures
used to verify treaty compliance with respect to use, storage and
production of chemical weapons. Analytical techniques used in
this program include gas chromatography/mass spectrometry (GC/MS)
using both electron ionization (EI) and chemical ionization (CI),
gas chromatography with flame ionization detection and flame
photometric detection (GC/FID/FPD), nuclear magnetic resonance
(NMR) spectroscopy, high pressure liquid chromatography (HPLC)<iIon
Chromatography (IC), and gas chromatography/Fourier transform
infrared (GCiFTIR) spectrometry.

2.0 Organization and Responsibilities of Personnel

The Director of Research and Technology has the overall
responsibility and authority for managing the QA program in
accordance with QA policy. The Director assures the QA policy is
understood, implemented and maintained and that the scientific
staff has the facilities, equipment and training to perform the
mission.

The Quality Assurance Coordinator for Research and Tecnnology
serves as the proponent for QA and is available to all Research and
Technology Directorate personnel for advice. He is responsible for
implementing and maintaining the Directorate Quality Assurance
Program Plan (QAPP) and the Laboratory Quality Control Plan.

Office Chiefs in the Science Department and the Chemistr.-
Department assure that operations under their purview are executed
in compliance with QA guidelines and policies.

The Team Leader of the Analytical Miethodology Team with-1 t
Chemistry Department is responsible for the overall techni:a.
conduct of the program, including interpretation, documentation a'-
reporting of results and serves as the point of contact for
overall conduct of the investigation. The Team Leader
responsible for checking the consistency of the results o e
for each technique and accepting the final report. ThE Team Liad-
may ask for additional experiments to clarify ambiguities bewe
results obtained by different methods to eliminate the report
irrelevant data. He is responsible for evaluating the"A
of The program and ensures that any necessary correcte c

nnes 5i -ators on the Analtical Methodoocr'v Team a'd -
A-tin'i•?ea rear ,t• responcibi~ tor the qua. w: u v

iiH H- 2



following good laboratory practices and manufacturer's
specifications, assuring performance and documentation of required
maintenance, and taking necessary corrective actions and reporting
problems and corrective actions to the Team Leader.

The team leader for this program is Dennis Rohrbaugh (x2366).
J Michael Lochner (x2730) serves as sample custodian and does
sample preparation. Stephen Pleva and Janet. Re-der (x2818- are
responsible for electron ionization GC/MS analysis and
derivatization procedures. Dennis Rohrbaugh is responsible for
chemical ionization GC/MS analysis. Linda Szafraniec and William
Beaudry (x3863) are responsible for NMR analysis. Paul Bossle
(2794) is responsible for HPLC/IC analysis. Michael Ellzy, L. Gail
Janes and Thomas Rosso (x2790) are responsible for GC/FID, GC,/FPD,
GC/Ion Trap and GC/FTIR analysis.

3.0 QA Objectives for Measurement of Data

The primary focus of this program is to identify unambiguously
CW scheduled compoundq and their degradation products which may
provide evidence for treaty compliance or non-compliance. For this
reason, the most important aspect of the program is the
interpretation of the chromatographic and spectral data. All
spectral data should be compared to that of authentic reference
compounds, if possible. If authentic reference compounds are not
available, then comparison to data in a spectral library obtained
from authentic compounds is acceptable. In the absence of
reference material or spectra, tentative identifications may be
reported which draw on the overall expertise of the analysts.
Compound identification is validated when identified by two
separate spectroscopic tecnniques. Validation also occurs through
the use of control samples, reagent blanks and spiked samples.
Quantitation is less important than compound identification for
this program and will be done by comparison of sample data to that
obtained on a standard calibration curve using linear regression
analysis or with the use of an internal standard.

4.0 Sampling Procedures

Sampling is not required for this program. Round robin
samples are prepared by the sample preparation laboratory <.o
simulate as closely as possible recommended operating procedures
listed for sampling of soil (SC5, page 147) and aqueous (SC6, page
149) samples in the third bluebook in the round robin series,
International Inter-laboratory Comparison (Round-Robin) Test for

tl- Verification of Chemical Disarmament F.3. Testing of Procedures
on 'imulated Military Facility Samples", The Ministry of Foreign
Affairs of Finland, 1992, hereafter referred to as Round-Robin:

1'ebook F . For example, methylene chloride is added to :in
: o• s for sample preservation and C18 extraction cart r<Iqes ar-

:n>. i•,d to simulate extraction in the field.
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5.0 Sample Preservation

Upon receipt in the laboratory, samples will be documented and
the condition of the shipping container and each sample noted. To
protect samples from degradation, evaporation, contamination and
theft, the samples will be stored in an uncontaminated, lockable
refrigerator suitable for storage of flammables at 4"C or lower
until removed for sample preparation or analysis.

6.0 Sample Custody

Receipt of the samples will be by the pprson assuming
responsibility for the custody of the samples or his designated
alternate. Samples will be stored in a secured freezer. Only
authorized personnel will have access to the secured area. The
responsible person will keep a custody log to identify individual
analysts who receive and return samples for analysis if deemed
necessary. Samples will be stored in a high security exclusion
area, building E3300. Samples will be analyzed within E3300 and
will be in the possession of the analysts or in a secured room at
all times. Any transfer of materials outside building E3300 will
be documented by form 4137. All samples should be returned for
secure, refrigerated storage at the end of the day, unless sample
analysis continues overnight (i.e., overnight NMR experiments. The
sample custodian for this program is J. Michael Lochner.

7.0 Sample Preparation

Quality assurance and quality control in sample preparation
are provided by following the guidelines recommended in section
SPl0, Quality Assurance and Quality Control in Sample Preparation,
in Round-Robin Bluebook F.3., page 173 as follows:

(1) Recommended operating procedures listed in the above
blue book reference will be followed.

(2) The purity of solvents and reagents will be checked before
sample preparation with the same methods used for
analysis.

(3) A -est run of the whole sample preparation procedure will
be ran without samples using the same solvents, same
reagents and similar glassware to investigate the
background generated by the procedure.

(4) At least two parallel samples will be run, if time
permits. In this study, two parallel extractions will be
done, oýne In deuteratd solvents for NMR analysis and one

.iw. -odeuterated solvents for all otlher methods of
aiNa Hs H.
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SOIL SAMPLE PREPARATION

Warm Sample

[ Homogenize Sample J

Weigh Out 10 Grams

Extract wI2xl0mI MeCI2
Sonlcate 10 min

Centrifuge Dry Under Nitrogen
10 min @ 2000 rpm

Filter Through Extract w/Zxloml HPLC
Whatman #41 Filter Water. Sonlcate 10 Min

Dry w/Anhydrous 1Continued on Next Page
Sodium Sulfate____________________

Ad inera
Standard

Analyze by GCIFPD,
GC/MS and GC(FTIR
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SOIL SAMPLE PREPARATION (CONT'D)
SSonicated Water

Extract (20 ml)

iesidue 0I [ Extract w/200n1 0.5n
M2000 rpmn MOH/ S5H. Son 10 mrin

MhyawihFilter ThroughCetiue0mn

1.0uon Filter urn 2F rpm

oncetrae toDryess mlfor PCoNcentralie Withy

w/Dry NitNogen Analysis 4M HCl

I T-
2ml M9OH. Son 5 min Shaking 5 Min

I I
Methylate with A Filter Through
Diazomethane 0.45 um Filter

Elute w/Acetone to 2ml Sodium Sulfate

Standard Nitrogen to 2 rnl

GC/MS and GC/FTIR Standard

( Analyze by GC/FPD,
GC/MS and GC[FTIR
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C18 CARTRIDGE PREPARATION

Elute w/5ml
Acetonitrile

Dry w/Anhydrous
Sodium Sulfate

Add Internal
Standard

Analyze by GC/FPD, Derivatize 1 ml with
GC/MS and GC/FTIR Diazomethane

Analyze by GC/FPD,

GC/MS and GC/FTIR
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(5) If time permits, the recovery of the sample preparation
method will be tested by spiking the blank sample with a
known amount of the compounds of interest and repeating
the sample preparation (this assumes that a clearly marked
blank sample of the same matrix has been delivered with
the sample.

(6) Separate glassware will be used for spiked samples and

blank tests to avoid cross-contamination.

7.1 Preparation of soil samples

Soil samples will be prepared according to recommended
operating procedure SP4 of Round-Robin bluebook F.3.
(page 161) . This scheme is shown on the attached flow chart.
In addition to the recommended procedure, a parallel
extraction will be done using the deuterated solvents CDCl,
and DO for NMR analysis using the modified scheme shown on
the attached flow chart.

7.2 Preparation of aqueous samples

Aqueous samples will be prepared according to recommended
operating procedure SP7 of Round-Robin bluebook F.3.
(page 167). In addition to the recommended procedure,
parallel extraction will be done using the deuterated
solvents CDCl, and DO for NMR analysis using the modified
scheme shown on the attached flow chart.

7.3 Preparation of C18 cartridges

C18 extraction cartridges will be prepared by elution with
acetonitrile or other suitable solvent, drying with sodium
sulfate and derivatization with diazomethane as shown in the
scheme below.

8.0 Calibration Procedures

Instrument calibrations are performed as described below or
within the analytical methods. In general, calibrations are
performed using standards supplied by instrument manufacturers
and in accordance with manufacturer's specifications. Test
mixtures are then run to check instrument performance and
sensitivity. Once the target analytes have been identified, these
test mixtures can be modified to include compounds whose structures
are similar to those of the analytes of interest.
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8.1 GC/MS

Daily calinration of GC/MS instrumentation is performed
using the calibration standard perfluorotributylamine (PFTBA or
(FC43) provided in sealed ampoules by the instrument manufacturer.
In this step the mass range is calibrated and the instrument is
tuned to measure correctly the relative abundances of the
calibration gas. Calibration can be performed using either the
software driven autotune program or manually as long as the final
tune is in accordance with the manufacturer's specifications. The
performance of the instrument in then checked with a multipurpose
test solution with concentrations close to the detection limit of
the instrument. As a further test of instrument performance, a
system blank is run with the solvent used to prepare the samples.
PFTBA calibration is done daily. Test solutions and system blanks
are run with each new set of samples. Additional information is
provided in the methods section.

8.2 Gas Chromatography

Detector-specific test mixtures are used to monitor GC
sensitivity, column performance, and retention time stability.
These mixtures are run with each new set of samples and as a
minimum every 20th injection. Specific test mixtures for each
detector are outlined in Chemistry Department Method No. 002.00.
System performance is also checked by use of blanks to avoid false
positive identifications through memory effects from either the
syringe or instrumentation. Calibration for quantitation is
accomplished through the use of internal standards or a multipoint
calibration curve which brackets the concentrations of the analytes
of interest. A house checkpoint sample is run daily to verify that
the calibration curve is still valid. If the house checkpoint
sample falls outside a +/- 10% range, the instrument is
recalibrated or corrective actions are taken.

8.3 NMR

The NMR spectrometer systems are under service contract with
the manufacturer (Varian) . Calibrations of pulse widths, decoupler
field strengths, and other parameters are done on a routine basis
and whenever repairs are performed. All calibrations are performed
using the sealed standard samples provided by the manufacturer and
in accordance with the manufacturer's specifications as outlined in
Varian Instrument Division Publication No. 87-178115 Rev. A1285,
"VXP Series NMR Spectrometer System Acceptance Test Procedure."

8.4 HPLC/Ion Chromatography

Calibration of the HPLC is done in a manner similar to the Gý
procedure. System performance is monitored with a test mix
Blanks are run before each set ot samples to eliminate false
positives. Linear regression is used to determine the minimum
detection limit and to plot a calibration curve from a stocr
solution and its set of serial dilutions. A working standard is
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used daily as a house checkpoint.

8.5 FTIR

The optics of the IR are aligned and calibrated to produce the
best signal according to the manufacturer's instructions using the
test mix provided by the manufacturer (i.e. polystyrene). A tune
macro is run every day to show the center-burst from the
interferogram and to correct the gain or mirror velocity. A 100%
line will ratio a background scan and the result should be a
straight line +/- 0.05%. Along with the 100% line, a signal-to-
noise macro is run every day with an acceptable ratio of above
600:1.

8.6 Balances

Balances used to prepare quantitation standards receive annual
calibration performed and documented by the U.S. Army Test,
Measurement and Diagnostic Equipment Support Center. The DA Label
80, affixed wnen calibration occurs, specifies the next
calibration date and assures that the balance is in the balance
recall system. NIST traceable weights which bracket expected
sample weights are used as balance check standards before daily
useage.

9.0 Reference Standards

Reference standards for spectral comparison and quantitation
are required. The standard agents GA, GB, GD, VX, HD and L are
obtained from the Chemical Agent Standard Analytical Reference
Material (CASARM) program. This program maintains high purity
neat and dilute agent samples in sealed ampoules stored at low
temperatures. The purity of the standards is carefully monitored
periodically as requested by the CASARM committee and the ERDEC
Compliance Management Directorate. Other agents may be made
available by synthesis in the laboratory. Schedule 2 and
schedule 3 compounds may be available commercially.

10.0 Analytical Procedures

Analytical techniques used in this program include GC/'MS, GC
(FID, FPD), multinuclear NMR, HPLC (Ion Chromatography) and GC-
FTIR. Specific analytical procedures for each, including
instrument calibration, reference materials, apparatus required,
procedures, and treatment of data are described in the Methods
section and elsewhere in this document. Procedures were selected
to follow as closely as possible the following sections of Round
Robin Bluebook F.3.:

GC3 GC/FID/FPD (pages 175-182)
LC3 HPLC/IC (pages 187-188)
MS1 GC/MS (pages 189-204)
NMR1 NMR (pages 209-226)
IRI GCiFTIR (pages 227-232)

APPENDIX H H-11



GC/MS is the primary method used for compound identification.
GC/FPD is used as an important screening tool to selectively
detect compounds which contain phosphorus and sulfur. HPLC/IC is
used to identify and quantitate ionic species present in the
water fractions. NMR and GC/FTIR are used primarily as
confirmatory techniques but also have a role to play in compound
identification.

10.1 Chromatographic Order of Analysis

The recommended order of analysis for all chromatographic
techniques performed, to eliminate the possibility of false
positives, is the following: 1) test solution, 2) solvent blank,
3) sample. The test solution is used to verify that the
instrument is working properly. The solvent blank is run to
verify there is no sample carryover in the system resulting from
syringe, injection port or column memory effects or from a
contaminated solvent used to clean the syringe. If memory
effects are observed, analysis will be discontinued until the
source is found and corrected. Test solutions and blanks should
be run at the beginning of each day, at the start of each new
series of samples, and as a minimum every twentieth sample.
Solvent blanks should also be run between samples if carryover is
suspected.

10.2 Quantitation

Internal standard (IS) is the preferred method of
quantitation. Primary quantitation will be done by GC/MS/EI
and/or GC/MS/Cl using selected ion monitoring (SIM) for low level
analytes. Full scan can be used for higher concentrations when
no interference is observed. The IS will be added after sample
preparation and before analysis. The approach is to screen a
representative prepared sample of a series before addition of the
IS by GC/FID/FPD and/or GC/MS and to select as an IS a compound
from the GC/MS test mixture that does not interfere with any
peaks in the chromatogram. The IS will then be added to all
prepared samples in the series. The concentration will be based
on the analyte concentrations estimated from the sreening. As an
alternative, a deuterated compound may be used as the IS. The
same samples can also be quantitated by GC/FID/FPD or GC/FTIR to
obtain additional comparison of data, but is not required. GO
response factors will be determined when authentic samples of the
analytes are obtained. Analyte concentrations are calculated
using the following equation:

C , = F (A ,/iA,,) x C ",

where
F : Response Factor
A, Peak Area of Analyte
A•, Peak Area of Standard
C, Concentration of Analyte
C,, Concentration of Standard
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Compounds detected by HPLC are quantitated with a calibration
curve and linear regression analysis using established
procedures. NMR is not used for quantitation.

11.0 Data Reduction, Validation, and Reporting

Most data reduction, including the capture, processing and
storing of data, is handled by documented computer software
programs. The instrument calibration procedures performed are a
form of data systemvalidation. Project data must be traceable
and retrievable. Raw data not stored in a data system is
maintained in a file for future reference. Procedures,
calculations and results are maintained in a laboratory notebook
or on data sheets. Interpretations and quantitation calculations
are checked by a second investigator. Correlation of the results
from the different methods is the most important form of
validation. Identification by at least two different
spectrometric techniques constitutes unambiguous identification.
Comparison to data obtained from authentic samples is required
for unambiguous identification. Data is also validated through
the use of blanks and spike recoveries.

A preliminary report listing results is sent to the
coordinating laboratory within one month of the start date of the
round robin. A more extensive report listing analytical
procedures, QA/QC procedures and findings is due two weeks later.

12.0 Internal QC Checks

Since most procedures outlined in this program are carried out
by more than one investigator, internal QC checks are performed
by a second investigator who has expertise in that particular
area who revi3ws the data. Quality control samples, other than
the reference materials and calibration standards delineated
above, are not normally required for this program.

13.0 Preventive Maintenance

Instruments shall be maintained to assure that data generated
is acceptable. Instruments are calibrated according to
documented procedures. A log book will be maintained for each
instrument documenting all routine maintenance and repairs,
including the date, the service condition and the repairs
required. The log book will be maintained as specified in
Research Directorate SOP QAU-5, entitled Instrument Log Books.
Any equipment item that gives suspect results or has been shown
by verification testing to be defective shall be taken out of
service until corrective actions can be taken.
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13. 1 GCiMS

Maintenance of all GC/MS instrumentation is performed under
service contracts with the manufacturers. Oil changes, source
cleaning, air filter changes, septa replacement and other routine
maintenance is performed by in-house personnel. Major repairs
are performed by the manufacturer. The service contract also
calls for two preventive maintenance visits a year by the
manufacturer.

13.2 GC

GC preventive maintenance is done by in-house personnel.
Septa, injection port liners, columns, ferrules, FID jets, etc.
are replaced as required. Maintenance contracts are in place
with the instrument manufacturers for more serious repairs.

13.3 NMR

Maintenance of the NMR spectrometers is performed under
service contract with the manufacturer. The only service
performed by in-house personnel is weekly replacement of liquid
nitrogen.

13.4 HPLC/IC

Maintenance of the HPLC is performed via a comprehensive
service contract with the manufacturer. Injection needles,
columns, electrodes (working and reference) and fittings and
tubing are available within the laboratory for use on an as
required basis.

13.5 FTIR

Maintenance of the GC-FTIR is performed under a comprehensive
service contract with the instrument manufacturer.

14.0 :nterna! Audits

internal. audits are performed announced and or unannon•ced at
the discretion of the Research and Technology Directorate .>ualit.
Assurance Coordinator to assure the Director that the
requirements of the QAPP and the QC plan are being followed.
Audits provide an objective evaluation of quality related
practices, procedures and activities to include the review pf
documents and records. Audits will. be ronducted and documenteid
according to Research Direcrorate SOP QAV-f2, Procedure for Audits
by the Oual itn. Assurance Unit Records of all audits will _ e
maintAmned by the Quality Assurance Unit WAUN for a period Of
years.
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15.0 Corrective Actions

Research and Technology Directorate will use timely corrective
action to minimize the generation and reporting of erroneous
data. Instrument failure and the exceeding of calibration limits
are the primary problems which require corrective action.
Corrective action shall be documented in the laboratory notebook
or maintenance log by citing the problem, the corrective action
taken, and documenting that acceptable data generation has
resumed.

16.0 Applicable Safety Regulations and Standard Operating

Procedures

i1) AMC-R-100 Safety Manual (1 Aug 1985)

(2) AMC-R-385-131 Safety Regulation for Chemical Agents H,
HD, HT, GB, and VX (9 Oct 1987).

(3) CRDEC-R-385-1 Chemical, Explosive and Occupationl Safety
and Health Program (15 Aug 1986).

(4) CRDEC-R-385-10 Certification Program for Personnel
Involved in Hazardous Operations (1 Jun 1986).

(5) CRDEC-R-385-12 Hazard Communication Program
(15 Jul 1987).

(6) CRDEC-R-385-14 Chemical Safety Program (1 Aug 1990).

(7) GOP 8-0-90-0000 General Operating Procedure for Safety
Surety Operations in Research Directorate (6 Jul 1990).

(8) SOP 8-3-92-1000 The NMR Experiment (18 Sep 1992).

(9) SOP 8-0-90-0005 Handling and Sampling of Chemical
Agents (3 Dec 1990).

(10) CR8-OSP 0005 Filling of NMR Tubes (11 Feb 1993).

17.0 Analytical Methods

Chemistry Department Method 001.00. Gas Chromatography/Mass
Spectrometry (GC/MS) Procedures for the International
Interlaboratory Treaty Verification Round Robin Exercises.

Chemistry Department Method 002.00. Gas Chromatography (GC)
procedure's for the International Interlaboratory Treaty
Verification Round Robin Exercises.
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Chemistry Department Method 003.00. Nuclear Magnetic
Resonance (NMR) Spectroscopy Procedures for the International
Interlaboratory Treaty Verification Round Robin Exercises.

Chemistry Department Method 004.00. High Performance Liquid
Chromatography (HPLC) Procedures for the International
Interlaboratory Treaty Verification Round Robin Exercises.

Chemistry Department Method 005.00. Fourier Transform
Infrared (FTIR) Procedures for the International Interlaboratorv
Treaty Verification Round Robin Exercises.
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CHEMISTRY DEPARTMENT ANALYTICAL METHOD NO. 001 page 1 of 5

GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS) PROCEDURES FOR THE
INTERNATIONAL INTERLABORATORY TREATY VERIFICATION ROUND ROBIN
EXERCISES

1. DATE: February 1993

2. PREVIOUS REVISIONS: None

3. OFFICE OF CONThCT.

Analytical Methodology Team, Chemistry Department
Research and Technology Directorate, ERDEC
SCBRD-RTS
POC: Dennis Rohrbaugh (2366), Stephen Pleva (2818),

Michael Ellzy or Thomas Rosso (2790)

4. APPLICATION: This method applies to the use of gas
chromatography/mass spectrometry (GC/MS) for the detection
and identification of treaty-related CW scheduled compounds
in complex matrices. The method applies to volatile
compounds that are extractable into organic solvents. Both
electron ionization (EI) and chemical ionization (CI) are
applied and serve as complimentary techniques. Selected ion
monitoring (SIM), the use of selected ions only, is used to
increase sensitivity and lower the detection limit.

4.1 CONCENTRATION RANGE: Detection Limit to Neat

4.2 DETECTION LIMITS: Detection limits are instrument specific
and compound specific. In general, detection limits are
about 1-10 ug/ml using full scan detection and 0.02-0.05
ug/ml using SIM with the GC/MS instrumentation used in this
study. Detection limits are 0.1 ug/ml (full scan) and 0.01
ug/ml (SIM) for the GC/ion trap.

4.3 INTERFERENCES: Any compound which coelutes with the analytes

of interest.

4.4 ANALYSIS RATE: One sample per 30 minutes.

APPENDIX H H-17



page 2 of 5

4.5 VALIDATION: Compound identifications are validated by
comparison of GC retention times and mass spectra to those of
authentic samples either by direct comparison or by
comparison to spectra in a data base library.
Identification by both EI and CI methods is a form of
validation. Comparison to authentic samples and
confirmation by at least 2 separate spectrometric techniques
constitutes unambiguous identification.

5.0 SCIENTIFIC BASIS: Analytes of interest are separated from
solvent and matrix background by elution on a capillary gas
chromatographic column. In electron ionization, components
are bombarded with electrons as they enter the mass
spectrometer ion source. Resulting positive-charged fragment
ions are detected separately by an electron multiplier after
passing through a quadrupole mass filter which discriminates
according to mass/charge ratio. The resulting mass spectrum
is characteristic of a particular compound. Chemical
Ionization is a softer form of ionization where a reagent gas
such as methane is ionized in the ion source. The resulting
CH,* then chemically reacts with the analyte. The advantage
of this technique is that because less energy is involved
there is less fragmentation and therefore a greater
probability of seeing the molecular ion and thus determiningc
the molecular weight of the compound. This technique is
particularly useful for analyzing large molecules which
readily undergo extensive fragmentation under EI conditions,
like VX and VX degradation products. Ammonia chemical
ionization is particularly useful as a specific ionization
technique for organophosphorus compounds.

In the ion trap ions are stabilized or destabilized in an
electric or magnetic field. Compounds are swept into the
filament, with an emission current of 80 uamps. The
accelerated electrons cause ionization in the ITD cavity where
a storage voltage is set to "trap" all ions of interest. Mass
analysis occurs as the amplitude of the RF voltage is
increased, while holding the frequency constant, thus causing
the ions to destabilize in the z-axis. 50% of the ions travel
up and are neutralized and 50% of the ions travel through the
bottom end cap and are detected by the electron multiplier.
This process is repeated for each scan segment used during
analysis.
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6. APPARATUS:

6.1 INSTRUMENTATION:

Hewlett-Packard 5870 quadrupole Mass Selective Detector
equipped with an HP 5890 GC interfaced with a Tekmar 5010
Liquid Nitrogen Cryofocus @ -120°'C. Used for EI only.

Finnigan 5100 quadrupole GC/MS equipped with a Finnigan model
9610 GC. Used almost exclusively for CI.

Finnigan Ion Trap ITD-40 equipped with a Perkin-Elmer 8500

GC. Used for both EI and CI.

6.2 HARDWARE/GLASSWARE: Microliter syringes

6.3 REAGENTS: Utrahigh purity carrier gas (helium) and chemical
ionization reagent gases (methane, isobutane or ammonia)
Purity must be greater than 99.995%.

6.4 GAS CHROMATOGRAPHIC COLUMNS: Recommended column for this
program is a fused silica SE-54 (DB-5), 25 m x 0.2mm i.d.,
0.25 um film. DB-l and DB-1701 alio give satisfactory
results.

7. STANDARDS:

7.1 CALIBRATION STANDARD: Perfluorotributylamine (PFTBA or FC43)
supplied in sealed ampoules by the instrument manufacturer.

7.2 TEST MIXTURE: Recommended test mixture used to monitor
instrument performance is as follows:

Test Compound Concentration (ug/ml)

Trimethyl Phosphate 20

2,6-Dimethylphenol 20

5-Cl-2-Methylaniline 20

Tri-n-butyl Phosphate 20

Dibenzothiophene 20

Methyl Stearate 20

Solvent Ethyl acetate or Hexane
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8. PROCEDURES:

8.1 EI INSTRUMENT CALIBRATION: Mass range and relative ion
intensities are calibrated using PFTBA calibration gas
supplied in sealed ampoules by the instrument manufacturer.
The PFTBA is tuned to maximun sensitivity until the following
criteria are met.

m/z 69 100%
m/z 219 30-60%
m/z 414 1.4-4.0%
m/z 502 0.8-4.0%

The resolution of the m/z 69,70 and m/z 502,503 is tuned until
a 10% valley and good peak shape are obtained. Isotope ratios
are adjusted to match the true values of PFTBA as closely as
possible; 70:69 = 1.1, 220:219 = 4.3, 415:414 = 9.0 and
503:502 = 10.1. A variance of 20% is acceptable. The masses
are then calibrated using the intrument's automatic
calibration program. Instrument performance is also monitored
by using the test solution. Signal-to-noise ratio should be
>10:1, m/z values should be correct, and deviation of relative

ion abundances should be less than +/-20%. Intensity ratios of
the isotopic ions should be within specification as outlined
in the reference.

8.2 CI INSTRUMENT CALIBRATION: CI tuning is accomplished by
following the above EI tuning procedure. Once an acceptable
EI tune is obtained, the reagent gas source pressure is
adjusted to 0.6 Torr and for methane the resolution is tuned
to 10% valley using ions m/z 219, 220 and 414, 415.
Intensities are adjusted to meet the following criteria:

m/z 69 < 50%
m/z 219 1100%
m/z 414 100%
m/z 634 > 20%
m/z 652 > 20%

Analysis of the test solution must meet the same criteria as
above for EI.
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8.3 INSTRUMENT OPERATING PARAMETERS: Instrument operating
parameters are somewhat instrument specific. The fcllowing
arp the recommended operating parameters for this program:

GC Injector Temperature 260"C
Interface Temperature 260"C
Septum Flow 5 mlimin
Carrier Gas Flow 2 ml/min
Split Ratio 20:1
Oven Temp Program 40"C (1 min) - 280"'C (10 min)

at 10"C/min

MS/EI Electron Energy 70 eV
Emission Current 0.3 mV
Ion Source Temperature 120"C
Scan Range 40-600 amu
Scan Rate 1 scan/sec

MS/CI Electron Energy 150 eV
Emission Current 0.3 mV
Ion Source Temperature 1000C
Scan Range 60-600 amu
Scan Rate 1 scan/sec
Reagent Gas Source Pressure 0.6 Torr

9.0 TREATMENT OF DATA: GC retention times and mass spectra are
compared to those of authentic compounds for both electron
and chemical ionization. Results are then correlated with
those obtained with other analytical methods in this program.
Results are also compared to blank runs.

10.0 REFERENCE: "International Interlaboratory Comparison (Round
Robin) Test for the Verification of Chemical Disarmament
F.3. Testing of Procedures on Simulated Military Facility
Samples", The Ministry of Foreign Affairs of Finland,
Helsinki, 1992.
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CHEMISTRY DEPARTMENT ANALYTICAL METHOD NO. 002 page 1 of 4

GAS CHROMATOGRAPHY (GC) PROCEDURES FOR THE INTERNATIONAL
INTERLABORATORY TREATY VERIFICATION ROUND ROBIN EXERCISES

1. DATE: February 1993

2. PREVIOUS REVISIONS: None

3. OFFICE OF CONTACT:

Sample Analysis Team, Chemistry Department
Research and Technology Directorate, ERDEC
SCBRD-RTS
POC: L. Gail Janes (3812) or Michael Ellzy (2790)

4. APPLICATION: This method applies to the use of gas
chromatography (GC) for the detection and identification of
treaty-related CW scheduled compounds in complex matrices.
The method applies to volatile compounds that are extractable
into organic solvents. Both flame photometric detection (FPD)
and flame ionization detection (FID) are used.

4.1 CONCENTRATION RAN4GE: Detection Limit to Neat

4.2 DETECTION LIMITS: Detection limits are approximately 5 ug/ml
for FID, 0.1 ug/ml for FPD/sulfur and 0.01 ug/ml for FPD/
phosphorus.

4.3 INTERFERENCES: Any compound which coelutes with the analytes
of interest.

4.4 ANALYSIS RATE: One sample per 30 minutes.

4.5 VALIDATION: Compound identifications are validated by
comparison of GC retention times to those of authentic
samples, preferably using two different types of columns.
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5.0 SCIENTIFIC BASIS: Analytes of interest are separated from
solvent and matrix background by elution on a capillary gas
chromatngraphic column and detected by one of two detectors.
All compounds containing carboii -hydrogen bonds are detected b,.-
FID. Phosphorus and sulfur-containing comp,-,-nds are
selectively detected using the FPD. Because most schedule 1
and 2 compounds contain phosphorus and/or sulfur, the FPD is
particularly useful in this program because of its high
sensitivity and selectivity.

6. APPARATUS:

6.1 INSTRUMENTATION:

GC/FID: Hewlett-Packard 58COA with integrator

GC/FPD (P): Varian 6000 Vista, Vista 402 Data Station

GC/FPD (P and S): Perkin-Elmer 8500, LCI-100 Integrator

GC/FPD (S): Hewlett-Packard 5880A with integrator

6.2 HARDWARE/GLASSWARE: Microliter syringes

6.3 REAGENTS: High Purity Carrier gas (helium or nitrogen), air
and hydrogen.

6.4 GAS CHROMATOGRAPHIC COLUMNS: Recommended columns for this
program are'fused silica SE-54 (DB-5) and DB-1701, 25m x
0.32mm i.d., 0.25 um film or equivalent columns.

7. STANDARDS:

7.1 GC/FPD: Instrument performance is monitored by using a test,
mix containing 1 ppm dodecanethiol and tributyl phosphate in
isooctane. This solution is prepared by dilution of a 20 ppm,
stock solution provided in sealed ampoules by the instrument
manufacturer (Hewlett-Packard).

7.2 GC//FID: Instrument performance is routinely monitored by
injection of a solution containing 0.033 wt90- each of n-tetra-
decane, n-pentadecane and n-hexadecane in hexane provided in
a sealed ampoule by Hewlett-Packard Company.
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In addition, the following test mixture is used to monitor
instrument performance specifically for this program:

Test Compound Concentration (ug/Iml)

Trimethyl Phosphate 20

2,6-Dimethylphenol 20

5-Ci-2-Methylaniline 20

Tri-n-butyl Phosphate 20

Dibenzothiophene 20

Solvent = Ethyl acetate or Hexane

8. PROCEDURES:

8.1 QA/QC SENSITIVITY CHECK: The performance of the
chromatograph is monitored by injection of the test solution
daily, before each set of samples, after the installation of
new columns or detectors, or as a minimum every 20th sample.
The criteria for an acceptable detector sensitivity test run
are met if each compound gives a peak greater than ten times
the signal/noise ratio.

8.2 ORDER OF ANALYSIS: To eliminate false positives, the
instrument should be checked for sample carry-over each day by
injecting in the order 1) test solution, 2) solvent blank, and
3) sample. Any suspicion of memory effects must be checked by
analyzing blanks between samples. If carryover is found, the
source (syringe, syringe-cleaning solution, injection port,
column, etc.) must be found and the problem corrected.

8.3 QUANTITATION: Quantitation will be either by internal
standard (IS) or by using a linear regression calibration
curve. The internal standard may be selected from one of the
test compounds that does not interfere with the compounds
being analyzed. Response factors will be obtained by
comparing the peak areas obtained for a solution containing
a known concentration ratio of IS and analyte. For linear
regression analysis, a house checkpoint solution will be
prepared to check daily the validity of the calibration curve.
A new curve is generated if a deviation of more than 109 is
observed.
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8.3 INSTRUMENT OPERATING PARAMETERS: The following are the
recommLrnded operating parameters for this program:

GC Injector Temperature 260"C
Interface Temperature 260TC
Septum Flow 5 ml/min
Carrier Gas Flow 2 ml/min
Split Ratio 20:1
Oven Temp Program 40"'C (1 min) - 280"C (10 min)

at 10"C/min

9.0 TREATMENT OF DATA: GC retention times are compared to those
of authentic compounds. Results are then correlated with
those obtained with other analytical methods ii, this program.

10.0 REFERENCE: "International Interlaboratory Comparison (Round
Robin) Test for the Verification of Chemical Disarmament
F.3. Testing of Procedures or Simulated Military Facility
Samples", The Ministry of Foreign Affairs of Finland,
Helsinki, 1992.
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CHEMISTRY DEPARTMENT ANALYTICAL METHOD NO. 003.00

NUCLEAR MAGNETIC RESONANCE (NMR) SPECTROSCOPY PROCEDURES FOR THE
INTERNAIONAL INTERLABORATORY TREATY VERIFICATION ROUND ROBIN

EXERCISES

1. DATE: February 1993

2. PREVIOUS REVISIONS: None

3. OFFICE OF CONTACT:

Analytical Methodology Team, Chemistry Department
Research and Technology Directorate, ERDEC
SCBRD-RTS
roc: Linda L. Szafraniec or William T. Beaudry

(410) 671-3863

4. APPLICATION: NMR is used to identify and/or confirm the
presence of treaty related compounds, their precursors and/or
their degradation products in complex matrices. The method is
applicable to all compounds dissolving in sufficient amount in
the deuterated solvents used irl NMR spectroscopy.

4.1 CONCENTRATI1ON RANGE: Detection Limit to Neat

4.2 DFTECTION LIMITS: The detection limit for any compound
depends on the field strength of the instrument used to evaluate
the sample, the accumulation time for the FT experiment, the
nucleus observed, and the diameter of the NMR tube used.

Examples: 1H, 400 MHz, 5-mm NMR tube, 16 hrs accumulation
time (over night): 10 gg/ml or greater.

19F, 396 MHz, 5-mm NMR tube, 16 hrs accumulation
time: 1 gg/ml or greater.

31p, 162 MHz, 5-mm NLMR tube, 16 hrs, accumulation
time: 10 gg/ml or greater.

13C, 100 MHz, 5-mm NMR tube, 16 hrs accumulation
time: 100 pg/ml or greater.

31p, 81 MHz, 5-mm NMR tube, 16 hrs accumulation
time: 50 gg/ml or greeter.

4.3 INTERFERENCES: Any compound or compounds that have the same
resonance frequency(ies) as the compound(s) of interest.
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4.4 ANALYSIS RATE: 0.5 to 24 hrs/sample depending on the
detectable limit desired.

4.5 VALIDATION: Compound identifications are validated by
comparison to spectra in a database library or to spectra of the
authentic compounds that may be acquired during these exercises.
For the same solvent and the same concentration, the chemical
shift values for the unknown should be within +0.1 ppm of those
in the database and the coupling constants should be within +0.5
Hz. When unknown compounds (not found in the database) are
present, the NMR experiments will be planned so as to obtain the
structural information needed as a complement to MS, IR, and
other techniques. In these cases, compound identification is
validated when all of the spectroscopic data available ".s
consistent with the proposed structure.

5.0 SCIENTIFIC BASIS: NMR spectroscopy is one of the most
powerful techniques for elucidating the molecular structure of
organic compounds. The sample (usually a liquid or a solid
dissolved in an appropriate deuterated solvent) is placed within
a strong, homogeneous magnetic field. Nuclei possessing magnetic
moments within the sample align themselves with or against the
direction of the static field. The sample is then irradiated
with radio frequency (RF) electromagnetic radiation, causing
these nuclei to resonate and flip orientation with respect to
the magnetic field. This ultimately results in an NMR spectrum -

a plot of resonance frequency vs peak intensity. The RF
frequency used to irradiate the sample at a particular magnetic
field strength dictates which nuclei will be observed in the NMR
spectrum. Thus, for a magnetic field of 9.4 T, protons will be
observed at 400 MHz, 19F nuclei at 376 MHz, 31P nuclei at 162 MHz,
and 1 C nuclei at 100 MHz.

The three NMR parameters of interest for the Round Robin
exercises are: (1) the chemical shift, which gives information
about the immediate environment of the nuclei of interest; (2)
the coupling constant or J value, which gives information about
the number and types of neighboring magnetic nuclei; and (3) the
intensity of the resonance, which is directly proportional to the
number of nuclei experiencing a particular magnetic environment.
With this information, supplemented by complementary MS and IR
data, NMR can be used to detect and confirm the presence of
treaty related CW compounds, their precursors and degradation
products. Furthermore, these NMR parameters can be used to
elucidate the structures of unknown organic components that may
also be of interest in these exercises.
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6. APPARATUS:

6.1 INSTRUMENTATION:

Varian VXR-400S Superconducting FTNMR System operating at
400 MHz for 1H, 376 MHz for 19F, 162 MHz for 1P, and 100 MHz for
"13C observation.

Varian XL-200 Superconducting FTNMR System operating at 200
MHz for 1H, 81 MHz for 31p, and 50 MHz for 13C observation.

Both spectrometers are equipped with variable temperature
(VT) controllers, proton/broadband switchable VT probes, and
utilize WALTZ proton decoupling during broadband operation.

6.2 HARDWARE/GLASSWARE:

New, clean, dry commercially available Pyrex NMR tubes.
Tubes are inspected for scratches and nicks; if any are found,
the tube is not used for CW work. Wilmad 5-mm o.d. tubes catalog
nos. 507-PP, 526-PP or 527-PP may be used.

New, clean, dry glass vials with Teflon caps, glass
pipettes, and syringes, as required.

Parafilm, American Can Company.

6.3 CHEMICALS:

Chloroform-d (99.8 atom % D); MD-591, Lot No. 2080-0; MSD
Isotopes, Montreal, CA.

Methanol-d. (99.8 atom % D); Isotec, Inc., Miamisburg, OH.

Deuterium Oxide (99.9 atom % D); MD-175, Lot No. 4069-P; MSD
Isotopes, Montreal CA.

Tetramethylsilane, (TMS, 99.5% pure); Norell Chemical Co.,
Landing NJ.

7. STANDARDS:

7.1 CALIBRATION STANDARDS: The standards for calibrating the
NMR spectrometers are supplied by the manufacturer in sealed NMR
tubes.

'H Line Shape: 1% Chloroform, 99% Acetone-d 6

1H Resolution: 1% o-Dichlorobenzene, 99% Acetone-d 6
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'H Sensitivity: 0.1% Ethyl Benzene in CDC1 3

13C Sensitivity: 40% p-Dioxane, 60% Benzene-d 6

19F Sensitivity: 0.05% F 3C-C 6 H5 in C6D6

31P Sensitivity: 0.0485M Triphenyl Phosphate in CDC1 3

8. PROCEDURES:

8.1 EXPERIMENTAL PROCEDURE: The soil samples and the aqueous
liquid samples are prepared for NMR as outlined in Schemes 1 and
2, respectively. Each sample is placed into a clean, dry 5-mmn
o.d. Pyrex NMR tube. The tube is capped with a pressure cap, and
the top of the tube is wrapped with Parafilm. Multinuclear NMR
spectra are obtained for each sample, as required.

The spectrometer is tuned, the homogeneity (i.e.,
resolution) adjusted, and the signal-to-noise ratio (S/N)
measured using the test sample for the particular observe
nucleus. The test spectrum for that nucleus is recorded, and the
following criteria must be met before continuing with the unknown
samples:

'H Sensitivity > I00lc
19F Sensitivity > 100:1
13C Sensitivity > 120:1
31p Sensitivity > 100:1

For each unknown sample, the spectrometer is tuned and the
homogeneity adjusted. Data for each nucleus of interest is then
accumulated until the desired signal-to-noise level has been
achieved (5 min to >16 hrs). After data accumulation, the NMR
spectra are stored on hard disk, and hard copies plotted out.
The NMR parameters are calculated, and the spectra are compared
with a database or manually interpreted by experienced NMR
spectroscopists to identify the compounds present.

Both one- and two-dimensional N`MR data are acquired using
the standard software supplied by the manufacturer.

8.2 OPERATING PARAMETERS: The following operating parameters
are recommended for this exercise:

'H: Operational Frequency: 400 MHz (or 200 MHz)
Mode of Operation: Locked, Double Precision
Pulse Sequence: S2PUL
Pulse Angle: 450 or greater
Spectral Width: 12K Hz (4K Hz)
Data Points: 72K (30K)
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Acquisition Time: >3 sec
Number of Scans: As required
Repetition Time: >4 sec
Temperature: +22 + 1 0C
Reference Standard: Internal TMS, 0 ppm (organic

solvents), HDO at 4.8 ppm
(aqueous)

19F: Operational Frequency: 376 MHz
Mode of Operation: Unlocked, Double Precision
Pulse Sequence: S2PUL
Proton Decoupling: None
Pulse Angle: 450 or greater
Spectral Width: 100K Hz
Data Points: 128K
Acquisition Time: >0.65 sec
Number of Scans: As required
Repetition Time: >2.5 sec
Temperature: +22 + 1 0C
Reference Standard: External CFCl 3

31p: Operational Frequency: 162 MHz (81 MHz)
Mode of Operation: Unlocked, Double Precision
Pulse Sequence: S2PUL
Proton Decoupling: WALTZ, Gated On During

Acquisition
Pulse Angle: >350
Spectral Width: 40K Hz (20K Hz)
Data Points: 64K
Acquisition Time: 0.8 sec (1.6 sec)
Number of Scans: As required
Repetition Time: >3.3 sec
Temperature: +22 ± 1 OC
Reference Standard: External 85% H3PO4

"13C: Operational Frequency: 100 MHz (50 MHz)
Mode Of Operation: Locked, Double Precision
Pulse Sequence: S2PUL
Proton Decoupling: WALTZ, Full
Pulse Angle: >750
Spectral Width: 25K Hz (10K Hz)
Data Points: 80K (32K)
Acquisition Time: 1.6 sec
Number of Scans: As required
Repetition Time: >3.6 sec
Temperature: +23 + 1 OC
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Reference Standard: Internal TMS, 0 ppm (organic
solvents). External TSP/D2 0,
0 ppm (aq:ocus)

8.3 CORRECTIVE MEASURES: If the spectrometer does not meet the
manufacturer's specifications with regard to pulse widths,
decoupler power, resolution, stability, lineshape and
sensitivity, immediately call for emergency repair service.

9.0 TREATMENT OF DATA: The NMR chemical shifts and coupling
constants for each nucleus observed are determined and compared
with spectra in the database or with spectra taken of the
authentic compounds. Results are correlated with other
techniques (GC/MS, IR, HPLC), and record sheets supplied for the
Round Robin exercise are completed and submitted for inclusion in
the final formal report.

10.0 REFERENCES:

(1) F.3. "Testing of Procedures on Simulated Military
Facility Samples." International Interlaboratory Comparison
(Round Robin) Test for the Verification of Chemical Disarmament.
The Ministry for Foreign Affairs of Finland. Helsinki 1992.
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Scheme 1

:)oil Sample Preparation for NMR Analysis

Warm Sample

Homogenize Sample,
Weigh Out 10 g for

Extraction

Extract w/ two 10 mL
Portions of CDCL3,

Sonicate each 10 min

Centrifuge each for 10
min @ 2000 RPM, Decant

and Combine Liquids

Liquid from CDCI3 Solid from CDCI3
Extract Extract
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Scheme 1 (Continued)

Soil Sample Preparation for NMR Analysis

Liquid from CDCI3
Extract

Dry w/ Anhydrous
Sodium Sulfate

Filter thru 0.45 pm
Disposable Filter

Concentrate to 1 mL
w/ Dry Nitrogen

Transfer to NMR Tube
for Analysis
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Scheme 1 (Continued)

Soil Sample Preparation for NMR Analysis

Solid from CODC3

Extract

Extract w/ two 10 mL

Portions of 020.
Sonicate each 5 minI
Centrifuge each for 10
min @ 2000 RPM, Filter

and Combine Liquids

Solid Liquid!I I I -
Add Two 10 mL portion* Concentrate to I mL

of 0.SM CH30H/KOH. w/ Dry Nitrogen
Sonicate each 10 mNtin

Centrifuge each 3 min Transfer to NMR Tube
2000 RPM, Oscant and for AnalysisCombine LiquidsI

Dry w/ Anhydrous
Sodium Sulfate

Filter w/ 0.45 um

Disposable Filter

S~Concertrate to Dryness

wl Dry Nitrogen, Take-

Up in I.S ml. C0300-I-
Transfer to NMR Tube

for Analysis
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Scheme 2

Aqueous Liquid Sample Preparation for
NMR Analysis

Measure Out 10 mL-
Sample

Transfer 1 mL to NMR Extract 9 mL Portion
Tube for Analysis w/Two 0.75 mL

Portions of CDC13

Organic Layer I Aqueous Layer

Combine 2 Organic Concentrate to
Layers Dryness w/ Dry

Nitrogen

Dry w/ Anhydrous Dissolve Residue in
Sodium Sulfate 1 mL of D20

Filter, if Required

Transfer to NMR Tube. Transfer to NMR Tube
for Analysis for Analysis

APPENDIX H H-35



CHEMISTRY DEPARTMENT ANALYTICAL METHOD NO. 004 Page 1 of 3

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) PROCEDURES FOR THE INTERNATIONAL
INTER-LABORATORY TREATY VERIFICATION ROUND-ROBIN EXERCISE

1. DATE: February 1993

2. PREVIOUS REVISIONS: None

3. OFFICE OF CONTACT:

Analytical Methodology Team. Chemistry Department
Research and Technology Directorate, ERDEC
SCBRD-RTC
POC: Paul C. Bossle

(410) 671-2794

4. APPLICAT!ON: This method applies to the use of high performance liquid
chromatography (HPLC) for the detection and identification of treaty-related
chemical warfare (CV) scheduled compounds in complex matrices. This method
applies to both ionic and neutral species that can be extracted into water.
Both reverse phase liquid chromatography (RPLC), ion-exchange (ion)
chromatography (IC) and ion-exclusion chromatography (ICE), are used as
separation modes and ultraviolet, electrochemical, and suppressed conductivity
are used as detection modes.

4.1 CONCENTRATION RANGE: Detection limits to neat.

4.2 DETECTION LIMITS: Detection limits are instrument specific and compound
specific. In general, detection limits are about 40-100 ng/mL for all
detection modes.

4.3 INTERFERENCES: Any compound which coelutes with the analytes of
interest.

4.4 ANALYSIS RATE: One sample per 30 minutes.

4.5 VALIDATION: Compound identification are validated by comparison of HPLC
retention times and detector(s) response to those of authentic samples.

5. SCIENTIFIC BASIS:

The HPLC consists of three main sections. First, the injector, where
the samples are introduced normally by syringe. Then the column, where
samples are separated into one or more compounds and finally, the detector(s).
For example, the ultraviolet detector detects compounds by the adsorption of

APPENDIX H H-36



Page 2 of 3

light on a photomultiplyer tube which in turn deflects a pen on a recorder.
This deflection is a peak which denotes a compound having a specific retention
time.

A HPLC is set up by following the specification of the manufacturer's
manual. This information describes flow rates, optimization procedures, and
use of performance test standards. The performance test standards show that
the HPLC has been properly set up and is working to specification. Once the
HPLC is set up, a run is made by injecting sample onto the column via the
injection port. This is done by first pulling a specific amount of sample
into the syringe being sure that there are no air bubbles in the syringe
Next, the needle of the syringe is pushed through the septum of the injector
and the plunger is pushed down. To effectively expel the entire contents of
the syringes, leave the needle in the injector for S seconds before removing.
At the time of the injection, the HPLC program and the integrator buttons are
pressed.

Calibration of the HPLC is accomplished through the use of standards.
These standards are compounds that are expected to be seen during a run of an
unknown. A calibration curve should be run for each compound at the
concentration levels expected. The calibration curve consists of five
different points that vary only in concentration. Once a calibration curve is
established for a specific compound, an unknown concentration of that compound
can be found by using a ratio formula.

In order to ensure the calibration remains intact from day to day, a
test mix of known concentration is zun periodically during a day. The test
mix consists of compounds which have been calibrated, then by using the area
counts and retention times of the peaks in the test mix, the concentration of
each compound is determined. If the determined calibration differs by +/-
10%, then the performance test mix should be run. This will indicate if the
HPLC is still running at the optimal level. If this test shows a difference
of more than +/- 101 the.n procedures for calibration should be repeated.

6. APPARATUS:

6.1 INSTRUKENTATION:

Waters Associates high performance liquid chromatograph consisting of
two model 6000A pumps, a model U6K injection, model 840 data control station,
a model 490 UV detector, and a model 460 electrochemical detector.

Dionex model DX 300 ion chromatograph with variable ultraviolet detector

and FED electrochemical-conductivity detector.

6.2 HARDWARE/GlASSWARE: Microliter syringes

6.3 REAGErrS: Ultra high purity deionized distilled water (18 meq/cm),
potassium hydrogen phosphate. perchloric acid, and HPLC grade acetonitrile.
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6.4 HPLC COtULHNS: Recomended columns for this program are (1) for RPLZ

ODS. 5 um. 25 ca X 4.6 on 1.0.; (2) for IC, Dionex IPIC-AS4A
column and (3) for ICE, Dionex HPICE-ASl columns.

7. STANDARDS: Concentrations of calibration standards prepared in accordance
with surety SOPs.

8. PROCEDURES:

8.1 INSTRUMENT OPERATING PARAMETERS: Instrument operating parameters are

instrument specific. The following are the recommended operating parameters
for this program:

RPLC:

Injection volume 100 uL
Eluent 90% 100 -m KH,2PO4 Buffer/10% AcCN

Column ODS, 5 urn, 25 cm X 4.6 mm I.D.

Flow Rate 1.5 ml/min
Ultraviolet detection 225 na (0.05 AUFS)
Electrochemical detection 980 mV

Ion Chromatography (IC):

Injection volume 25 ul
Eluent 0.75 mm NaHCOV2.2 = Na CO3 buffer

Flow rate "b.5 mL/min
Column Dionex HPIC-AS4A (2 mm)

Conductivity detection 3 uS sensitivity

Ion Exclusion (ICE):

Injection volume 200 ul.
Eluent 100 m perchloric acid
Flow rate 1 aL/min
Column Dionex HPICE-AS1
Ultraviolet detection 210 nm (0.05 AUFS)
Pulsed electrochemical EI(0.3 V)(t60 as),

E2 (1.25 V)(t60 ma), and %(.0.10 V)
(t240 ms)

9. TREATMENT OF DATA: HPLC retention times and detection responses are

compared to those of authentic compounds. Results are then correlated with

those obtained with other analytical methods in this program. Results are

also compared to blank runs.

10. REFERENCE: International Interlaboratory Comparison (Round-Robin)

Test for the Verification of Chemical Disarmament F.3. Testing of Procedures

on Simulated Military Facility Samples." The Ministry of Foreign Affairs of

Finland, Helsinki, 1992.
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FOURIER TRANSFORM INFRARED (FTIR) PROCEDURES FOR fiE INTERNATIONAL

INTERLABORATORY TREATY VERIFICATION ROUND ROBIN EXERCISES

1. DATE: February 1993

2. PREVIOUS REVISIONS: None

3. OFFICE OF CONTACT:
Sample Analysis Team, Chemistry Department
Research and Technology Directorate, ERDEC
SCBRD-RTC
P.O.C.: Thomas E. Rosso or Michael W. Ellzy

(410) 671-2790/3563

4. APPLICATION: This method applies to the use of FTIR
spectroscopy for the detection and identification of treaty-
related CW scheduled compounds in complex matrices. FTIR
methods include solid and liquid samples, the use of light
pipe for gas chromatography/infrared (GC/IR) and the use of
Argon in Helium to produce matrix isolation (MI) spectra.

4.1 CONCENTRATION RANGE: Detection limit to neat

4.2 DETECTION LIMITS: Standard IR (use of windows) = 500 ug/mL
GC/IR from the light pipe = 100 ug/mL
MI/IR = 0.1 ug/mL

4.3 INTERFERENCES: For the GC systems any compound which
coelutes with the analytes of interest.

4.4 ANALYSIS RATE: One sample per hour

4.5 VALIDATION: Compound identifications are validated by
comparison of infrared spectra to those of authentic samples
either by direct comparison or by comparison to spectra in a
d3ta base library. Operator may also validate unknown
spectra by using interpretation. Systems do not necessarily
complement each other. Comparison to authentic samples and
confirmation by at least two separate spectrometric
techniques constitutes unambiguous identification.

5.0 SCIENTIFIC BASIS: Infrared (IR) spectrometry deals with the
interrelation of infrared radiation with matter. Fourier
Transform IR is mainly based on the Michelson
interferometer. A spectrum is obtained by measuring the
absorption of IR radiation. The IR spectrum of a polyatomic
molecule can be quite complex because of the many possible
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vibrational transitions and the existence of overtones and
sun and difference bands. However, the IR spectrum for a
given molecule is also unique to that molecule and thus
highly useful in compound identification.

6. APPARATUS:

6.1 INSTRUMENTATION:

Nicolet 60SX FT-infrared spectrometer equipped with TGS
(triglyceride sufide) detector, a Spectra-Tech IRPlan
microscope and a 1 mm ID light pipe connected to a Hewlett
Packard 5880 gas chromatograph.

Perkin-Elmer 1750 Model FTIR with TGS detector, sample
shuttle and micropellet holder.

Mattson Cryolect 4800 Matrix Isolation Fourier Transform
Infrared system with a Varian 3400 gas ch1.omatograph inlet
system. Sample can also be split to a Finnigan ITD-40 Ion
trap detector giving the capability of FID/ITD/MI-FTIR with
a single injection.

6.2 HARDWARE/GLASSWARE: Microliter syringes

6.3 REAGENTS: Ultrahigh purity carrier gas (Helium), compressed
air is supplied by an in-house generator with dryer,
hydrogen and 5% Argon in helium.

6.4 GAS CHROMATOGRAPHIC COLUMNS: Recommended column for this
program is a fused silica SE-54 (DB-5), 25 m x 0.25 mm i.d.,
0.25um film thickness. DB-l and DB-1701 also give
satisfactory results.

7. STANDARDS:

7.1 CALIBRATION STANDARD: Manufacturer provided test mix (i.e.
polystyrene)

8. PROCEDURES:

8.1 GC INLETTING SYSTEMS CALIBRATION: The same method for
calibrating the gas chromatograph is used here to 2nsure
proper conditions of the inletting system. Separate
calibrations are performed to the IR itsel.

8.2 INFRARED CALIBRATION: A tune macro is run every day to show
the center-burst from the interferogram and to correct the
gain or mirror velocity. A 100% line will ratio a
background scan versus a sample scan and the result should
be a straight line +1- 0.05%. Along with the 100% line a
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signal-to-noise macro is run every day with an acceptable
ratio of above 600:1.

8.3 INSTRUMENT OPERATING PARAMETERS: Instrument operating
parameters are intrument specific. The following are the
recommeded operating parameters for this program:

GC: Injector Temperature 280 degrees C
Detector Temperature (FID) 300 degrees C
Carrier Gas Flow 2 mL/min.
Split Ratio Varies upon sample concentration
Oven Temp. Program 60 (5 min) - 250 (5 min) at

10 degrees per min

LIGHT
PIPE: Transfer line 200 degrees C

Light pipe 200 degrees C
Resolution 4 wavenumber
Scan Range 4000 - 750 wavenumbers
Detector MCT-A (liquid Nitrogen cooled)

MATRIX
ISOLATION:

Transfer Line 250 degrees C
Resolution 8 wavenumber
Scan Range 4000 - 700 wavenumbers
Detector MCT-A (liquid Nitrogen cooled)
Matrix Flow 0.3 mL/min
Make-up Gas Flow 5 mL/min.

Cryogenic Disk:
Temperature 10 degrees Kelvin
Pressure 3 x 10-5 Torr
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APPENDIX I

SUMMARY OF QUANTITATIVE RESULTS

Table I-1. Summary of Quantitative Results - Water Sample W-15

Compound Compound Name Total amount Analytical

Number [dig/sample] Method*

1 Methylphosphonic Acid 450 'H NMR

1 Methylphosphonic Acid 500 LCl

1 Methylphosphonic Acid 5783 GC2/MS2

1 Methylphosphonic Acid 1743 GC3/MS3/SIM

2 2-Diisopropylaminoethanol 400 'H NMR

2 2-Diisopropylaminoethanol 266 GC4

2 2-Diisopropylaminoethanol 308 GC2/MS2

2 2-Diisopropylaminoethanol 152 GC3/MS3/SIM

3 3-Quinuclidinol 226 GC4

3 3-Quinuclidinol 900 'H NMR

3 3-Quinuclidinol 1038, GC1/MSl

3 3-Quinuclidinol 1113,1 GC2/MS2

3 3-Quinuclidinol 544k' GC3/MS3/SIM

4 Benzilic Acid 400 'H NMR

4 Benzilic Acid 500 LC1

4 Benzilic Acid 370 GC4

4 Benzilic Acid 549 GC2/MS2

4 Benzilic Acid 171 GC3/MS3/SIM

BSTFA derivatization of acidified 1 mL sample, all others
according to ROP.

* Method numbers are assigned in Appendixes E, F and G.
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Table 1-2. Summary of Quantitative Results - Water Sample KEW-14

Compound Compound Name Total amount Analytical
Number [gg/sample] Method'

1 Methylphosphonic Acid 450 'H NMR

1 Methylphosphonic Acid 500 LC1

1 Methylphosphonic Acid 83 GC4

1 Methylphosphonic Acid 14" GC3/MS3/SIM

2 2-Diisopropylaminoethanol 50 'H NMR

2 2-Diisopropylaminoethanol 60 GC4

2 2-Diisopropylaminoethanol 179 GC2/'MS2

2 2-Diisopropylaminoethanol 58 GC3/MS3/SIM

3 3-Quiiiuclidinol 650 'H NMR

3 3-Quinuclidinol 431 GC4

3 3-Quinuclidinoi 212b GC2/MS2

3 3-Quimuclidinol 2153 GC3/MS3/SIM

4 i3enzilic Acid 350 'H NMR

4 Benzilic Acid 150 LC1

4 Benzilic Acid 276 GC4

4 Benzilic Acid 177 GC2/MS2

4 Benzilic Acid 132 GC3/MS3/SIM

Obtained with BSTFA derivative of acidified 1 mL sample.
h Obtained with BSTFA derivative of NMR extract KEW-14C.

* Method numbers are assigned in Appendix E, F and G.
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Table 1-3. Summary of Quantitative Results - Cartridge Sample K-15

Compound Compound Name Total amount Analytical
Number I [jg/sample] Method*

2 2-Diisopropylaminoethanol 6 GC2/MS4

2 2-Diisopropylaminoethanol 12 GC3/MS3/SIM

3 3-Quinuclidinol 4 GC3/MS3/SIM

4 Benzilic Acid 41 GC2/MS4

4 Perzi-icAcid 177 GC4

4 Benzilic Acid 48 IGC3/MS3/SIM
* Method numbers are assigned in Appendixes E, F and G.

Table 1-4. Summary of Quantitative Results - Soil Sample SN-15

Compound Compound Name Total amount Analytical
Number [big/sample] Method*

1 Methylphosphonic Acid 200 LCl

1 Methylphosphonic Acid 283 GC2/MS4

1 Methylphosphonic Acid 239 GC3/MS3/SIM

2 2-Diisopropylaminoethanol 317 GC2/MS4

2 2-Diisopropylaminoethanol 32 GC3/MS3/SIM

3 3-Quinuclidinol 461 GCI/MSI

3 3-Quinuclidinol 443 GC3/MS3/SIM

4 Benzilic Acid 578 GC1/MSI

4 Benzilic Acid 155 GC2/MS2

4 Benzilic Acid 200 GC4

4 Benzilic Acid 200 LCI

4 Benzilic Acid 3513 GC3/MS3/SIM

Obtained after second diazomethane derivatization.

* Method numbers are assigned in Appendixes E, F and G.
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Table 1-5. Summary of Quantitative Results - Soil Sample SA-15

Co mpound Compound Name Total amount Analytical
Number [Ag/sample] Method*

1 Methylphosphonic Acid 400 LCl

1 Methylphosphonic Acid 5a GC3/MS3/SIM

2 2-Diisopropylaminoethanol 252 GC3/MS3/SIM

3 3-Quinuclidinol 5• GC3/MS3/SIM

4 beiiziiic Acid i00 LC±

4 Benzilic Acid 84' GC3/MS3/'SIM

Soil and water pH adjusted to 7, sonicated 40 min, pH
readjusted to 7, sonicated 10 min, allowed to sit overnight,
filtered, dried, and derivatized with BSTFA.

* Method numbers are assigned in Appendixes E, F and G.

Table 1-6. Summary of Quantitative Results - Soil Sample SB-15

Compound Compound Name Total amount Analytical

Number [dig/sample] Method*

1 Methylphosphonic Acid 300 LCl

1 Methylphosphonic Acid 103 GC3/MS3/SIM

2 2-Diisopropylaminoethanol 21 GC3/MS3/SIM

3 3-Quinuclidinol 402 CY,'MSi

3 3-Quinuclidinol 442 GC3/MS3/SIM

4 Benzilic Acid 164 GCI/MSl

4 Benzilic Acid 236 GC2/MS2

4 Benzilic Acid 220 GC4

4 Benzilic Acid 200 LCi

4 Benzilic Acid 248 GC3/MS3/SIM

Obtained after second diazomethane derivatization.

* Method numbers are assigned in A.ppendixes E, F and G.
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SUMMARY OF ANALYTICAL METHODS
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